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OAokAnpwvovTtag tn mapovoo SUTAWUATIKN pyacia, Ba nBsAa va euxaploTow TNV K.
EAévn BAaxoyiavvn, KaBnyntpla tng ZxoAng MoAttikwv Mnxavikwy tou EBvikou

MetooBlou MoAuteyvelou, yLa TNV EUKALPio TTOU LoV TIpocEdepe va acXoAnbw Ue éva
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Ta tedeutaia xpovia, n €€EAEN TG texvoloyiag kat n dtabBeoipuotnta peydlou Oykou
Sebopévwy €xouv TpoodEPEL pLa VEQ SLACTAON OTOV TPOMO SLAXELPLONG CUCTNUATWY
HeTadopwy, €8IKA HEOW TNG TPOYVWONG KUKAOPOPLOKWY OUVONKWV. IKOTO TNG
mapovoag OSUTAWHATIKAC epyoociag amoteAel n avamtuén mpotunwv TPOoRAedng
KUKAOpOpLOKWV LEYEBWV €VOG 08LKOU TUNHATOG, OMWC 0 KUKAOPOPLaKOG GpOPTOC Kal O
Xxpovog Stadpounc. Ta mpotumna autd Bacilovtal oe aAyoplOUOUC LNXAVIKAG LaBnong, ot
omoiol Bpiokouv cuxvi edpapuoyn otn BiBAoypadia oe mpoPfAnuata npofAsedng. Ta
bebopéva xpovou Stadpoung kat ¢OpTWV OXNUATWY TIOU XpnoLldomolnbnkav ot
pHovtéda, eAndOnoav and odikd tunpa tng A. AAe€avdpag otnv ABrva. Zupudwva e Ta
QIMOTEAEOUOTO, TA MOVTEAQ €ilval kavad ylo akplBeic mMpoPAEYPELS UE KAVOTIOLNTLKA
nipooapuoyn ota dedopéva. TENOG, £ylve pia cUYKPLON LETOED TWV LOVIEAWV UNXAVIKAG
HAaBnong KoL KAAOOIKWVY cuvVapTACEWV PpopTtou-kKabBuaoTtépnaong, Omwe n cuvaptnon BPR.
Q¢ ocuumnépacpa, ol YEBodoL pnxavikng pabnong emédelav peyalltepn kavotnta
npoPAsPnG.

NE€eLg KAEWSLA: pnxavikn padnon, mpoPAsdn kukAodopiag, kKukAodoplakog ¢optog,
xpovog dtadpounc, Sévtpa anodpaong, GBDT, cuvaptnon BPR




Title: Urban Arterial Traffic Volume Estimation Based on Travel Time with Use of Data Driven
Models.

Chris Konstantinidis

Supervising Professor : Eleni I. Vlahogianni

Abstract

In recent years, the development of technology and the availability of large amounts of
data have provided a new dimension to the way transport systems are managed,
especially through the forecasting of traffic conditions. The purpose of this thesis is to
develop models for predicting traffic variables in a road section, such as traffic volume
and travel time. These models are based on machine learning algorithms, which find
frequent application in the literature in forecasting problems. The data of travel time and
traffic that were used in the models, were sourced from a road section of Alexandras Av.
in Athens. According to the results, the models are capable of accurate predictions with
an acceptable fit to the data. Finally, a comparison is made between machine learning
models and volume-delay functions, such as the BPR function. In conclusion, machine
learning methods showed greater forecasting capability.

Keywords: machine learning, traffic forecasting, traffic volume, travel time, decision
trees, GBDT, BPR function



NepiAnyn

H paydaio €€€AEn tng texvoloyiag oe ouvbuaopd pe TNV OAO Kol OQUEAVOUEVN
00TLKOTIONON TWV TEAEUTALWV ETWV PEPOULV TNV Evvola TNG BEATLOTNG Slaxeiplong oSIkwy
SIKTUWV OTO ETUKEVTIPO TNG EPELVAG TWV HETADOPLKWY CUCTNUATWY. OL OXECELG HETAEL
TwV PETAPANTWY evog 0dkol Siktuou, eival duvatd va amokwdikomolnBouv e TNV
aglomoinon mMAnBwpag dedopévwy LECW CUOTNUATWY TANPOPOPLKAG. Baoikd oTdxo tng
mapovoag SUTAWMATIKAG epyaciag amoteAel n mpoPAsedn kukAodoplakwv peyeBwv
(kukAodoplakog ¢optog, xpovog OSladpoung) evog odkoU TUAUATOC HE HOVTIEAQ
UNXOVIKAC padnong. MapdAAnAa, emutpocBeto otoxo amoteAel n Siepevvnon tNng
tkavotntag mpoPAedng kukhodoplakwyv peyeBwv péow NG ouvaptnong Ooptou-
KaBuotépnong BPR, kaBwg kal n olyKpLon TNG HE Ta TPOTUTIAL UNXAVLKAG LaBnong mou
avamntuxonkav.

Ao tn Slepelivnon TNG oXeTkAG BLBALoypadiog mpoékue OTL oL HEBOSOL TNG UNXAVLKAG
HABnong amoteAoUV OUXVA TO TIPOTLUWHEVO €PYOAEl0 TPOYVWONG KUKAOGDOPLOKWY
ouvOnkwv. MANBWPEA LOVTEAWV UNXAVLKAG LABNONG £XOUV XPNOLUOTIONBOEL yLot AUTOV TOV
oKOTO, emidelkvuovtag uPnAn akpifela mpoPAsPnc. H mpoPAedn xpovou Sladpoung Kat
KUKAodoplakoU ¢OpToU HE QmMAQ MOVTEAQ HNXavikng padnong (shallow learning)
napatnpeitat ouyxva otnv BiBAloypadia. To iblo pumopel va emwbel avadoplka pe TV
EKTLUNON TOU XPOVOU SLadpopn g LECW TWV oUVOPTHOEWV POpToU-KaBUCTEPNONG.

To HOVTEAQ PNXOVLKAC HaBnong pmopouv va taflvounBouv oe S1apopeC KATNYOPLES
ovaAoya Tov TUTO TPOPANLATOG KAl TNV APXLTEKTOVLKN TOUC. Ta MPOTUTIA TNG TAPOUCaS
SutAwpatikng epyaciag Baciotnkav otoug €R¢ adyopiBuouc:

=  Aévtpa Antodaonc (Decision Trees)
=  Evioxupéva Aévipa Anodaonc (Gradient Boosting Decision Trees)

Evw n mpotwuwpevn ocuvaptnon ¢popTou-KabuotEpnong NTAV N MAPAKATW:
= Juvdptnon Bureau of Public Roads (BPR function)

H Aewdopog AAe€avdpag otnv ABriva anotéAeoe To 061ko TuRua evoladEpovtog yla tTnv
napovoa SutAwpatikh. Ao §Uo onuela NG avakTtAONKay, HECW EMAYWYLKWY Bpoxwyv
(MS407, MS423), uetpnoelg kukAhodoplakwyv Gpoptwv ava pia wpa yla oydovia pn
OUVEXOUEVEC NUEPEC. OL avtioTolyoL XpOvol SLadPOorC TOU TOPATIAVW 08LKOU TUAHOTOG
avtAnBnkav amno Baocsic dedopévwy ¢ edapuoynsg Google Maps yla ta dla xpovika
Slaotiuata.



JUYKEKPLUEVQ, YLt TNV AVATTTUEN TWV LOVTEAWV XPNOLUOTIOLNONKE N TPOYPAUUATIOTLKN
vAwooa Python oe meptBaArlov Jupyter Notebooks. Apxikd umtoAoyioTnke 0 CUVTEAEDTIG
ouoxEtiong Pearson twv petaBAntwyv kukAodoplakol poptou kat xpovou Sladpoung, o
omolog KplBnke wavomolnTikog. Metd tnv KatdAMnAn enefepyacia Twv dedopévwy Kal
™V MPOooONnKn XPNOoUwV Xapaktnplotikwy (features), dtapopdwbnke n teAkny Baon
6ebopévwy yla tnv ekmaibevon toug. Kata tn Stadikaocio mpoetolpaciag £yve Tuxoiog
SLawWPLoUOG TV SElYUATWY UE TTooooTo 80% yla tnv ekmaibeuon Twv PovtéAwv (train
set) kat 20% yla tn Sokiun Toug (test set). Mo tnv mMpoPAedn tou xpovou SLadpoung
aflomoOnkav w¢ UeTaPAnTéC £006ou ta Sedopéva kukAodoplakol ¢GOpTOU TWV
dwpatwv MS407, MS423 o cuVOUAOUO e AANA XOPOKTNPLOTIKA. TA LOVTEAQ UNXOVLKNG
nabnong mapouciacav KaArn mpooappoyny ota Sedopéva Kal XOpNAO odaApa
npoPAednc (R%r = 0.82, MAPEpT = 9.75% kot R%gepr = 0.76, MAPEGepT = 9.75%). Ocov
adopa TNV TPOPAedn KukAodoplakoU OpPTOU  XPNOLUOTOLRONKaV TapOpoLa
XOPAKTNPLOTIKA 0 ouvbuaopo pe ta OSedopéva xpovou OSwadpoung. Ma tnv
BeAtiotomoinon TwV HOVIEAWV UNXAVIKAG LABNONG O€ aUTH TNV TEpMTWon mponynonke
n Stadkaoia opadomnoinong tng kAlpakag Twv dedopévwv poptou umoAoyilovtag tov
AoyaplBuo toug. EmumpooBeta, dev AndpOnkav unoyn kataypodég HETAPECOVUXTLWY
wpwvV (00:00-3:00) yLa ToV EPLOPLOKO TWV AKPALWV TLHWV TNG Baong Sedopévwv. MNa tov
umtoAoylopd tou odaipatog mPoBAedng twv kKukAodoplakwyv optwyv ota SUo onueio
TOUC 08IKOU TUAMUATOC, TIPOYHOTOTIOWONKE N HETATPOT TWV TLUWV OTNV aPXLKH TOUG
KAlpaKka. Ta LOVTEAQ NXOVLKAG TTOPOUCLACAV LKAVOTIOLNTLKA LKavotnTa mpoBAedng Kat
oe auth tnv nepintwon (R%pr = 0.79, MAPEpr = 14.55% kat R%gepr = 0.80, MAPEggpT =
14.55%).

Ma v xpnon tng ouvaptnong BPR wg péco mpoPAedng epopUOOTNKE MO TEXVLKNA
BeAtiotonoinong tng pe tnv HEBodo eAayioTwy TETPAYWVWV. YITIOAOYLOTNKE 0 HECOG OPOCG
Twv dpoptwv twv dvo Pwpatwv tng A. AAe€avdpag Kot KaBoploTnKav aPXLKES TILES TWV
AyvVWwoTwv Opwv Ttng ouvaptnong (a = 0.15, B = 4, C = 1050 ). O aAyoplBuog
BeAtiotonoinong umoAdyloe TNV TEAKN TR TWV TOPAUETPWYV O KoL B, wote va
ehaylotomnoleital to opAApa HeTAED TPOPAEMOUEVWY TIHWV TNE OuUVAPTNONG Kal
TPAYUATIKWY TIHWV Xpovou OSladpopung. OL TIHEG Twv MPETpwV afloAdynong tng
ouvaptnong ftav ot €€AG: R%pr = 0.48, MAPEgpr = 16.78%.

Me tnv avamntuén npotunwyv npoBAePng tkavwy yla akpBeic mpoBAEPeLg emiTeLXONKE O
Baolkd okomOg TNG SUTAWHATLKAC epyacioc. MapdAAnAa, StamiotwOnKe OTL 0L GUYXPOVEC
HEBoSoL pnxavikng nabnong epdavitouv KaAutepn anddoaon o OXEON UE TNV CUVAPTNON
BPR w¢ epyaleio mpoPAedng. Emiong, n akpBig mpoPAedn tuwv KukAodoplakol
dopToUu, TOU omoiou N AvtAnon mpaypatikwy SeSopévwy mapouolalel SUOKOALEG, umopel
Va QTOTEAECEL ONUAVTIKO €pyoAeio €peuvag TwV PETAPOPIKWY CUOTNUATWY. Me TnV



EVOWUATWON TEPLOCOTEPWY TUMWV OeSOUEVWY KOl TN TEPALTEPW €EEPELUVNON TWV
SUVOTOTATWY TNG UNXAVLKAG padnong, Ba pmopouoe va amodobel pla akplBéotepn
EIKOVA TWV OUVONKWV €VOC 081KOU SIKTUOU ava TIACA OTLYHN. QC YEVIKO CUUTEPACHO
g€ayetal OtL, Ta 0pEAN yla Tov XpHotn tou odikoU SLKTUOU, KoL KOT' EMEKTAON YLO TO
KOWWVIKO oUVOAO moAAamAaolalovtal OCUVEXWG HME TNV  QAVATTUEN  KALVOTOUWV
TEXVOAOYLKA edapuoywy Slaxeiplong LETOPOPLKWY CUCTNUATWV.
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Kepaiato 1

Ewcaywyn
1.1 To MpoBAnua TG Alaxeipiong Metapopkwyv ZUoTnUATWwY

21N ocLyXPOVN ETOXN, O CUVWOTLOMOG Tou TTANBUCHOU O€ AOTIKA KEVTPA 0E CUVOUACUO LUE
™V OA0 Kol aufavOopevn KNTIKOTNTA tou He |I.X. €xel obnynoel oe Suoemiluta
npoPAnuata ya ta Siktua petadopwv. H amattovpevn Intnon sivat dUokoAo va
tkavormolnBel oe Bpaxeia xpovikn KAlpoKka, KOBwWG HOVIUEC TTOPEUBACEL, O CUOT AT
uetadopwv eival xpovoPOpeg KAl CUVEMAYOVTAL PEYAAO KOOTOGC. Emopévwg, yla tnv
OVTLUETWIILON TOU TPOoBARUATOG TG aufavouevng INTnong Kpivetat avaykaia n BEATLIOTN
Slaxeiplon kat aflomoinon Twv UNaPXOVTWV SIKTUWV HETADOPWV.

H €€€AEn tng TexvoAoylag Kal TwV CUCTNUATWY TIANPOPOPLKNG EXOUV eTLdEPEL TNV
avamntuén twv Evduvwy Tuotnuatwv Metadopwv. (Intelligent Transport Systems — I.T.S.).
To Ymoupyeio Metadopwv twv H.M.A opilel ta L.T.S. wg TNV edapuoyn TEXVOAOYLWV
QViXVEUONG, ETUKOWVWVIAC Kal TAnpodoplag og Mapadoolakd CUCTAUOTO LE OKOTIO TNV
eMitevén HeyaAUTEPNG KvNTIKOTNTAC Kal acdalelac. Ta LT.S. mapéxouv véa mAnBwpa
6ebopévwy, Ta omola amoteAoUV XproLUN YVWOon yla Ta KUKAOGOPLAKA XOPAKTNPLOTIKA
TwV 06kwv SIKTUWV ava maca otyun. Ta ocuvAOn kukAodoplakd HeyEON: Taxutnta,
TIUKVOTNTA Ko pOPTOG KUKAOPOPLAG, 08 CUVEUACUO LE TAPAYOVTIEG OTIWG: N YEWMETPL
ToUu 08KoU SIKTUOU, N oripavon, Ta Kalplkd galvopeva, n odnyikn cupumnepidopd, mbava
atuxiuata Kabwg Kal n EKACTOTE WP KAl NUEpoUNnvia mapatnpnong t¢ KukAodopiag
Snuoupyouv éva moAucuvBeto meplBaliov peAétng. H aflomoinon twv avaduduevwy
Suvartotntwy twv I.T.S. yla TNV avantuén epappoywv KUKAOGOPLAKAG TEXVIKIG, OUVTEAEL
OTNV QVIWUETWTILON Tou Tapamavw TpoPAnuartog. Eival mpodaveég Aoumov, OTL n
duvatétnta mpoyvwong ouvlnkwv KukAodopiloag pmopel va amoteAéocel epyaleio
uPLotng onuoaoiag yio tnv BEATIoTn Slaxeiplon Twv PETAPOPLKWY CUCTNUATWY, KOL KATA
OUVETELA TNV aV&non ™G 08LIKNE aocPAAELAG KOL TNG KLVNTKOTNTAS EVOS 061KoU SIKTUOU.

H mpoyvwon pwoGg HMeEAOVTIKAG Katdotaong He Pdon tv oavaAucn UmapXoviwv
bebopévwy amotelet Baotkr pEBodo yla tnv Aqn PETPWV Kat anodpAcewv o€ OAO TO
ddaopa tng avBpwrivng Spaoctnplotntag. Ocov adopd Tov TOHEA TwV HETADOPWY,
ONUAVTIKO PEPOC TNG EMLOTNHOVIKAG avalnTnong EMLKEVIPWVETOL OTNV €€EVPEDCN TNG
BéAtiotng peBodboloyiag mpoPAedng péow SoKlpwv Kot ouykpioewv. O kKAASOG TNG
Mnxavikng Maénong (Machine Learning) €xetL yvwplosl peyaAn avbion pe sepapuoyn os
OPKETA ETLOTNHOVIKA Tedia. H dnuioupylol LOVTEAWV UNXAVIKAG Habnong pmopouv va
TapayouVv akplPBeic mpoBAEPELC HECW TOU EVTOMIOUOU UOTIBWVY HETAEU PEYAAWY OYKWV
6ebopévwy. Eva akopo epyaleio mpoPAsPng KukAodoplakwy HeyeBwv amoteAouv ol




Zuvaptioelg  @optou-KaBuotépnong (Volume-Delay Functions). MMpokettat  yua
HOBONUATIKEG OUVOPTAOEL oL omoieg ekppalouv to Xpovo Sladpoung evog odikol
TUAMOTOC OUVAPTHOEL TOU KUKAodoplakoU ¢optou. MNeploocdTEpA OXETIKA HE TNV
Mnxavikp MaBnon kat tig Zuvaptnoeslg Ooptou-Kabuotépnong Ba akoAoubrjoouv oe
EMOWPEVO KEDAAALO.

1.2 2komog TG AutAwpatikng Epyaociag

Baolkd otoxo tng mapoloog SUTAWMOTIKAG Epyaciog amoteAel n avamtuén HOVTEAWV
Lkavwyv va Tapayouv akplBeic mpoPAEPelg kukAodoplakwy cuvbnkwv o €va 0dLKO
TUNUa. Ta kukAodoplaka HeyEDN yla To omola €yLVE N ATOTELPA TIPOYVWONG ATAV AUTA
Tou KukAodopLakol GopTou Kal Tou Xpovou SLadpounG.

=" KUKAo@OopLakog popToc eivat 0 CUVOALKOC aptBUOC OxNUATWY TTOU TTEPVOUV OO T
Statoun wac Awpidac n obou kara tn OSldpKeld Vo SeSOUEVOU XPOVIKOU
Staotiuarog (ouvidwe oxnuata ava wpa).

= Xpdvoc Stabpounc opiotnke wc To Xpoviko diaotnua (Aemta) mou amatteital yLo
v Slavuon tou umo UEAETH 06LKOU TUNRUATOG.

JUYKeEKPLUEVQ, avamtuxOnkav aAyoplOpol unxavikng padnong, ot omoiol aflomolwvtag
lotopka Sedopéva xpovou Sladpoung evog oblkoU TUAUATOG, EMXElpnoAvV TNV
npoPAsePn tou kKukAodoplakol ¢OpTOU yla TO avtiotolyo Xpovikd &idotnua. H
avtiotpodn Swadikaoia mpaypatonoidnke ya tnv mpoBAedn tou xpovou SLadpoung
oto 08O TuApa. MNa tnv avamtuén twv povtéAwv mpoPAedng emdéxBnkav Suo
OoAyOpLOUOL EMOMTEVOPEVNG UNXAVIKAG HAaBnong (supervised machine learning):

=  Aévtpa Antodaonc (Decision Trees)
=  Evioxupéva Aévtpa Anodaonc (Gradient Boosting Decision Trees - GBDT).

Ta povtéAa autd tpododotnOnkay pe Tpaypatika deSopéva xpovwyv SLadpoung amnod tnv
epappoyn Google maps kat KukAodpoplakwv GOpTWV Ao ENAywYLKOUS Bpoxoug emi tng
A. AAe€avdpac otnv ABrva kat aflohoynBnke TeAKA N tkavotnta POoBAeYng Touc.

EmunpooBeto oto)0 TG SUTAWUOTIKAG €pyaciag amoteAel N cUYKPLON TWV KOLVOTOUWV
HEBOSWVY HNXAVIKAC HABnoNng pe oupPatikég peBodoug cuoxETiong KUKAodopLaKwv
HeEYEOBWYV, OMWC oL HaBONUOTIKEG ocuvapTthoel dopTou-kabuotépnong. H emoTnuovIKn
BBAloypadia tng mpoPAedng kukAodopLakwv cuvBNKwv EXeL ETUKEVTPWOEL Ta TEAEUTAlL
XPOVLIaL OTNV XPNRON KOLWVOTOUWV TEXVOAOYLKA HEBOOWV, OMWE QUTEG TNG UNXAVIKAG
pabnong. Aut n olykplon twv HeBOdwv Tou TapPeABOVIOG KOl Tou MEANOVTOC,
Slaocadnvilel To av, Kal KAtd mOco £xel BeATwOeL n kavotnta mpoPAsdng otnv enoxn
™¢ Pndlakng emavaotaonc.




H ouvdptnon Bureau of Public Roads (BPR function) amotelel pia amod Tig mio
Slodebouéveg ouvaptnoel doptou-kabuotépnong Kal emAEXONKe wg epyaleio
npoPAePnG Tou xpovou Stadpounc. H mapandavw cuvaptnon ebappoleTal AMOKAELCTIKA
o€ 08IKA TUAMOTO KoL amaltel avaBeon TILWV OTLG TTAPAPETPOUC TNG VLA TNV TTopaywyn
npoPAEPewv. EMopévwg, avantuxbnke alyoplBuog o onoiog pe tnv péBodo elaxiotwy
TETPAYWVWY O0PIlEL TNG TMAPAUETPOUC TNG CUVAPTNONG, WOTE VO EAAXLOTOTOLELTAL TO
odaApa twv npoPAéPewv. Q¢ oplopata Ll06S0u TNG CUVAPTNONG XPNOLLOTIOONKaV Ta
6la dedopéva kukhopopLakol GOPTOU HE TA POVTEAQ NXAVIKAG LABNnong.

‘Eva teAeutaio epwtnpa mou KAAoUVTOL VA oTaVTHooUV oL Ttapamndvw peEBodol eival to
Katd moco Bewpeital duvatr n emitevén kavomolnTikng MPOPAedNG yla tn pia
HETABANTA €xovtag w¢ povadikr yvwon Sedopéva tg Seutepng. To 6deAog AUTAC TNG
avalntnong OSkaloAoyeital HeTA amd Tnv mopatnpnon twv dedopévwv twv Suo
KukAodoplakwv HeyeBwv umod ef€taon. Onwg avadpEpOnKe Kal TPONYOUUEVWE, N
texvohoyikn €€€ALEN odrynoe otnv mAnbwpa Sdtabéoipwyv KukAodpoplakwv dedouévwv
avaykaiwv yla tv BEAtiotn Slaxeiplon HETAdOPIKWY CUCTNUATWY. To TAPATTAVW
yeyovog eival dlaitepa epdavéc otnv mepimtwon NG METAPANTAG TOU XpOVOU
Sladpounc. lotopka Sedopéva xpovwv Sladpoung eival dpeca SLoBEoLa, EUKOAWG
npooBacipa e oxedov oAokAnpwtik KAAUYPn tou o0dikol Siktuou. H cuAloyr toug
yivetat ouvnBwg péow ouokeuwv GPS, edoppoywv Kwvntwv ThAedwvwv i AAAwv
UTINPECLWV EVTOTILOMOU TOTOBOEeolag e TIOAU UIKPO KOOTOC. AUTEG OL TNYEG elval cuyva
SL0BECIUEC VA TTACO OTLY N OTTO EUMOPLKEC €TALPLEG 1 ehapPUOYEG TTAONYNONG. ATtO TV
AaAAn mAgupad, n cuAdoyn Sedopévwv KukAodoplakoUu $optou mapouctdlel SUOKOALEG.
MNa tnv aviAnon &edopévwv elval amapaitntn n €yKAtaotacn umodopwv Omwe ol
KAUEPEC KUKAOdoOplag kal ol emaywylkol Bpoxol odootpwpuatog. H kaAludn peyalou
HEpoug Tou 0blkol SikTUoU Ue Tov amapaitnto €€OMALOUO Kataypadrig CUVEMAYETAL
HeEYaAUTeEpO KOOTOG. Emiong, n mpoofacn ota amoteAéopata  kataypadwv Tou
e€omALlopoU autou eival cadwg SuokoAdTEPN, KABWG OTLC TEPLOCOTEPEC TIEPLTTTWOELG N
Slaxeiplon toug ylvetal amokAELOTIKA oo SnUOOoLEG apxEC. MNa Toug mopamavw Adyoug,
n audpidpoun e€aywyn amnotedeopdtwv TPOPAednc petall Ttwv SUO  AUTWV
KUKAOpoplakwv HeTaBAnTWV pmopel va mpoodEpel Xprnowun mAnpodopia ota
HETAPOPLKA CUOTALOTA.
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Ewova 1: Stadia kat pon avdamtuéng povtédwy ota L.T.S. (Mnyn: Lada et al., 2021)

1.3 AuapBpwon tng AutAwpatikng Epyaciag
H Soun tng SUTAWHATIKAG Epyacia ava KePAAaLo £XEL WG EENG:

Yto Keddalawo 1, mapouoldotnke To TPOPANUA Sloxelplong mou avtleTwti{ovv Ta
oUYXPOVA OCUCTAMOTO METAPOPWV KAl TOVIOTNKE N avaykolotnta tTng £PapUoyNng
neBOdwv TMPOPAePNC TwV KUKAODOPLAKWY XOPAKINPELOTIKWY. Emiong é£ywve ula
ETIYPOUMOTIKA avadopd OTNV HUNXAVIKA HABNon Kal TG ouvapthoel ¢optou-
kaBuotépnong, n omoieg amotelouvv T HeBOSoug mPOPAedng TNG Mapouoag
SUTAWMATIKAG Epyaciag.

Ito Keddlawo 2, mpayupatoroleitat BipAoypadiki avookOmnon OXETIKA HE TO
avtikeipevo t™nG TPOPAednG kukAodoplakwv peyeBwv. Mapouoldlovial OXETIKES
ONUOOCLEVUEVEG LEAETEG, yiveTal pla cuvtoun avadopd otig peboddoug, Ta dedouéva mou
xpnowornowtnkayv, Kabwg Kol Ta CUMMEPACUATO amd to oUvoAo NG BLBAoypadiag.
ErmutAéov, napouaotalovral moapadsiypoto LEAETNG KAl ebapuoyng Tng cuvaptnong BPR
otnv enotnuovikn BiBAoypadia.

2to KeddAawo 3, mapouoialetal to Bewpntikd untdfabpo tng ocuvdptnong BPR kat twyv
oAyoplBuwv pnxavikng padnong mou emidéxdnkav. Meplypadovtatl n pebodoloyikn
TIPOCEYYLON VLA TNV EMITEVEN TOU OTOXOU TNG SUTAWMATIKAG £pyaciag KaBwe Kot AAAEG
XPNOULWEC OCUUTTANPWHATIKEG EVVOLEG.

Yto Kedalawo 4, yivetal mepiypadn ¢ Sadikaociag ocuAloyng Sedopévwv Kal n
enefepyacia Toug WOTe va yivel duvatr) n Xprnon Toug amo ta poviéla. Meplypadetal
Aemtopepwe n peBodoloyia mou akoAouBnOnke Kal mapouoLalovtal Ta AMOTEAECUATA

nge.




3to Kedalawo 5, mapoucialovtal Ta PACKA CUUMEPACUATO TNG AVAAUONG TIOU
TiPoNyNONKE Kal ylvovtal MPOTACELG YLO TIEPALTEPW EPEUVA.

310 Kedalawo 6, mapatiBetal n oxetikn BiBAoypadia mou xpnollomodnke ya tnv
EKTIOVNON TNG SUMAWUATIKAG Epyaciag.




Kedahato 2

BiBALoypadiky Avaokomnnaon
2.1 Eloaywyn

Me otopla Te00dpwV OSEKAETIWY, TO OVTIKEIHEVO TNG TPOBAedng KukAodoplakwv
HeyeBwWV KataAauBavel TAEOV GNUAVTLKO TTOCOOTO TNG EMLOTNUOVIKAG BLBALoypadiag tou
Topéa petadopwy. MAnBwpa pebodoroylwv €xouv avamtuxBel kal MAPOUCLACTEL WG
AUon tou mpoPAnuatog TG TPOPAsdnc. Xdapn otnv oupPoAn Twv TPochATWY
texvohoylkwy efeAifewv otov Topéa tng TANpodoplkng, peBodoloyieg mpdyvwong
Baclopéveg otnV HNXavikn Ladnon éxouv mpooeAkUoeL o€ pPeyalo Babuo to eviiadépov
TNG EMLOTNHOVLKNG KOLWVOTNTAG Ta TEAEUTAl Xpovia. 2To KePAAalo auto avadépovtal ot
Sladopeg pebodoloyieg mou cuvavtwvtal otnv BBAloypadia kabwg Kot oL EUPUTEPEG
KATNyopleg OTIG omoieg avrikouv. Katomlv, mapouctdlovial €PEUVEG OXETLKEC UE TNV
npoBAedn xpovou Sladpoung kat KukAodoplakol Goptou PECW HEBOSWV UNXAVLKAG
Habnong, kabwg kat TNV edpappoyn T cuvaptnong BPR.

2.2 MeBoboloyiec NpoBAePng Kukhodoplakwv Meyebwv

H ermtdoyn kataAAnAng pebodoloyiag amoteAel onpavTKr TPOKANGCN WE TPOG TNV
uAormoinon pLag TexVIkng mpoPAePnG. H SuokoAia cUykpLong Twv Stadopwv MPOTUTIWY
HUNXOWVLKAC LaBnong mou €xouv epopUooTel Ta TeAsuTaia Xpovia SikaloAoyel Tov
mapanavw oxuplopo (Vlahogianni et al., 2014). MapdTL AVIIKEIPLEVO TNG EPYAOLOG
anoteAel n avantuén npotunwyv nPoBAePng He KAAOOLKOUG OAYyOPLOUOUG NXOVLKAG
pnabnong (shallow learning), pa emypappatiky avadopd yivetal kot o€ GAAA yvwoTd
povtéla poPAedng. Emiong avadopd yivetal kal oTiG EUPUTEPEG KATNYOPLES OTLS
omoieg Ba pnopovoav va evtaxbBouv.

Yndpyxouv Slddopol tpomoL pe toug omoioug Ba umopoloav va taflvounBouv ol
umdpyouoeg HEBodoL mpoPAeng, OUwe Eva elXpnoto cuotnua taflvopnong eivatl to
e€Ac (IEEE Staff, 2018):

1. Mé£Bobdoi kaBobnyolpeveg anod poviéda ) dsdouéva
2. MOapPAMUETPLKEG N UN-TLAPOUETPLKEG LEBOSOL
3. Apeoeg ) Eppeoceg pEBodoL mpoPAsYng




M£60obot KaBodnyoUueveg armd HovTEAA

OL péBodol kaBobdnyoUEVEG amo HOVIEAQ ATOCKOTIOUV 0T Snuloupyia AemTopepwy
TIPOCOUOLWOEWY TOU 081KOU SIKTUOU Ue TN BorBela NAEKTPOVIKWYVY UTIOAOYLOTWV. MepLKA
OTOLXELQ TWV TPOCOUOLWOEWVY ATIOTEAOUV OL SLA0TAUPWOELS, oL Awpideg KukAodoplag, ot
dwrtewvol onuatodoteg kat Ta opla TaxuTnTag HeTafl aAAwv. Adou €xouv opLoTEL oL
OPXIKEC ouvBnKkeg KukAodopilag, KOTA TNV MPOoOUOiwon Tou cuotnuatog melol Kat
oxnuata oAAnAosmidpolv peTAlU TOUG OUPdWVA HE TA XOPAKTNPELOTIKA TOU
KOTOOKEUQOUEVOU  SIKTUOU. AvoAUOVTOG TIC KUKAOQOPLOKEGC OUVONKEG O Ml
OUVKEKPLUEVN TIEPLOXN TOU OUOTAUATOG, UMOPEL va yivel TpoPAedn yla peAAOVTIKA
KATAoTaon Tou 081koL Siktuou. Q¢ ek ToUTou, Ynopei va e€axBel mAnpodopla OXETIKA e
NV HETABOAN TwWV KUKAODOPLAKWY HEYEBWV.

VISSIM CTMSIM DynaMIT

DynaSMART TRANSIMS DYNEMO

VISTA

Elkova 2: Aoylopuka peBodwv kaBodnyoUEVEG OO LOVTEAQ

Eva UELOVEKTNUA QUTWV Twv HeBOSwv elval n KAtaokeur) HOVIEAwvV Tou Ogv
TepLypadouv MANPWGS TNV CUCXETION TwV KUKAodoplakwy peyeBwv. Auto mubavotata
kataAoyiletat otnv afefadtnta KAl TNV TOAUTAOKOTNTA TOU (ALVOUEVOU TNG
KukAogoplag, kaBwg kat tnv anouvcia cuvexolg TPododotnong SESOUEVWVY TIPAYUOTLKOU
XPOVOU TOU HOVTEAOU oOe pokpompoBeopeg mpoPAEPelg (Barros et al., 2015). Emiong,
oUpudwva TAAL pe Toug (Barros et al., 2015), oe avtiBeon pe tic pebodoug
KaBodnyoUueveg amo Se6oUEVa, TA LOVTEAQ TIPOCOUOLWOEWY SEXOVTAL CUYKEKPLUEVOUC
Tumou¢ mAnpodopiag. Autoi cuvnBwc eplopilovtal oe TMAPAUETPOUG KUKAOdOopLag OTwG
n pon, taxuTNTa, KAtdAnyn KTA. Xprowun mAnpodopia dpwe umopel va avtAnBel kat amno
KalplkA Oebopéva, OTOTIOTIKA QTUXNUATWY OAAA KOL KOTAXWPNHUEVOUG XPOVOUG
Stadpopng. OL péBobdol kabBodnyoupeveg amd HOVIEAQ OUXVA OyvoOoUV TNV TOAU-
TIAPOYOVTIK $dUOn Tou dpalvopévou TnG KukAodoplakng pong (Behrooz & Hayeri, 2022).




Mé£Bodot kKaBodnyoUueveg and dedopéva

QG LETPO KATATIOAEUNONG TWV MOPATIAVW ASUVAULWY, N EPEUVNTLKN KOWOTNTA £€0TpePE
1o evdladEpov TNG ota HovTéAa kaBodnyoLpeva amno dedopéva. Xapn otnv aufavouevn
SloBeootnta Sebopévwy, oL ev Aoyw HEBodoL Bpnkav mpoodopo €dadog va
e6patwBouv wg tnv alyun tou S6patog otnv BiPAoypadia Twv TeEXVIKWY TPORAEPEwWV.
INUOVTIKO pOAO Ot aUTO CUVETEAECAV OL VEEG TEXVOAOYIEG AVTANGONG KUKAOGOPLAKWVY
Sebopévwy. H e€amlwon £EuTVwV CUOKEU WV, OTIWG Ta cUyXpova Kvnta tnAédpwva (GPS)
KOl | EKOUYXPOVIOUOG TWV OXNMATWY PE cuoTApata tnAepatikng (in-vehicle telematics),
npBav va mpooteBouv OTIG UTIAPXOUOEC UTIOSOUEG avixveuong dedopévwy, Onwe ol
NAEKTPOUAYVNTIKOL BpOXOL, OL KAUEPEC TTapaKoAoUONoNG 06kou SikTUou Kal oL otaduol
S06iwv. MapdaAnAa, n TeXVOAOYLKN avAanTtuén cUVERAAE oTnV aUEnon Tou OYKOU KL TNG
akpiBelag katpkwv dedopévwy, TNV Kataypadn Kal aviyveuon oSIKwV aTuXNUATWY K.OL.
Je aut) TN Katnyopiot peEBOSwWV avAKOUV KoL TA MOVTEAQ MNXOVIKAG HABnong.
Ektevéotepn avadopd oto BewpnTikd uTOBabpo Tou KAASOoU TG LNXOVLKAC Labnong Ba
yivel oto Kedalaio 3. Qotoco, afilel va yivel S1aKpLon TwV KUPLOTEPWV UTIOKATNYOPLWY
oAyoplBuwyv pnxavikng pabnong mou mapatnpouvtal otnv BipAoypadia.

Baolko kpltriplo S1akpLong Twv ev Adyw UTIOKATNYOPLWV ATIOTEAEL N APXLTEKTOVLIKY TWV
oAyopiBuwv. OL aAyopBuol Babiag padnong (deep learning) amotelouvtal amod
noManAda enineda emefepyaoiag (processing layers), oe avtiBeon pe TOUC TUTILKOUG
aAyoplOuoug pnxavikng nabnong (shallow learning). Evw, pe tnv €évvola tng UAAOYLKAG
pnabnong (ensemble learning) xapaktnpilovtatr aAyoptBuot, oL omoiol cuvdudalouv
TIOAA QA LOVTEAQ TWV SU0 TTPONYOU LEVWV UTIOKATNYOPLWV.




Shallow Learning Ensemble Learning Deep Learning

el east-squares Linear eAdaboost [ADA] eFeed Forward Neural
Regression [LR] eRandom Forest [RFR] Network [FNN]

ok Nearest Neighbors eExtremely Randomized eConvolutional Neural
[KNN], Decision Tree Trees [ETR] Network [CNN]
[DTR] eGradient Boosting [GBR] eRecurrent Neural

eExtreme Learning SfErae Gadfe Network based on LSTM
Machine [ELM] Boosting [XGBR]. units [LSTM]

eSupport Vector Machine eConvolutional-Recurrent
[SVR]. Neural Network [CLSTM]

eAttention
mechanismbased Auto-
encoder with
Convolutional input
layers [ATT]

Ewkova 3: Mapadeiypata LovTEAWY UNXavIKng padnong ava katnyopia (fnyn: Manibardo et al.,
2022)

Inuavtikn Stadopd petafd twv unokatnyoplwyv deep kat shallow learning dev Bploketat
HOVO OTNV TIOAUTIAOKOTNTO TNG OPXLTEKTOVIKAG TOUG, OAAA KOL OTOV TPOTO
povtelomoinong twv Sedopévwy mou auth mapéxel. Ot alyoplBuot Babidg pabnong eivat
lkavol va  efdyouv TA UTMOKeipeva xapoktnplotikd (feature extraction) Twv
KUKAOopLakwv cuvOnkwv amo mAnBog dedopévwy Kat, o€ cuvOuaouo PE Ta oplopata
gl06bou, va mapayouv akplBeic mpoBAEPEeLC. ITNV MepimTwon Twv alyopiBuwv (shallow
learning) autn n dtadikaoia yivetal xewpokivnta (feature selection), To onoio og apKeTEC
TIEPLTTWOELG eTILOPA otV akpifela mpoPAedng (Z. Liu et al., 2018). Na autd tov Adyo, n
€fumtvn emloyn (feature selection) i akopa kot n koatoaokeun (feature engineering)
XPNOLUWV XOPAKTNPLOTIKWY yLa €vav alyoplBuo shallow learning pmopel va amoteAéoel
ONUAVTLKO HETPO BeATtiwong tng anddoor¢ touc (Behrooz & Hayeri, 2022).

MapotL ot aAyoplBuot Bablag pabnong cuxva mapouoldlouv KOAUTEPEG ETULOOCELS OF
npoPAnuata npoBAedng, dev mavouv va £xouv pelovektipota (Wang et al., 2019). Ot
UPNAEG AMALTAOELG O OYKO SESOUEVWVY KAl UTIOAOYLOTIKN LOXU amoTteAoUV eunodilo otny
xpron tétowwv pebodwy, diaitepa av AndOei umoPv o mapdyovtag Tou XPOVouU yLa TV
epappoyn touc. lSlaitepa SUOKOAN Kplvetal koL n pUOULON TWV UTEP-TIAPAUETPWY
(hyper-paramaters) Tou¢. Anatteital upnAn Texvoyvwaoia yla tnv puBuLon Toug e otoxo
Vv pelwon tou xpovou avamtuéng Toug, O Omolo¢ UTopel va OlapkEoel UEPEG N
eBdouadec avahoya tov 6yko dedouévwy.

TéANOG, n KavoTNTA TOUG va €€AyOUV QUTOUOTO TA UTIOKELMEVA XOPAKTNPELOTIKA TWV
bebopévwy (feature extraction) €pxetal o€ avtiBeon TeAKA e TNV €ukoAia epunveiag




TWV AMOTEAECUATWY TouG. H Aoyik «uavpou koutoU» (black box nature) mou toug
xopaktnpilel, odeidetal otnv UMapPEn MOAMWV KPpuPwWV EMEEEPYAOTIKWY ETMESWV
(hidden layers) ta omoia otepoUV Ao Tov Xpr otn AN PN KATAvOnon TwV AMOTEAECUATWY
TOoUG. EMopévwe, cUUPwWVA LE TA TTAPATIAVW HELOVEKTAMOTO AAAA KOl TNV AVAAUCH TWV
(Manibardo et al., 2022), n xprion evog adyopiBuou shallow learning w¢ péoco mpoPAedng
uropet va Aoyiletal wg n BEATIOTN AUON O OPKETEC MEPUMTWOELS. MOAAEC dpopEC, doov
adopa to MPOPAnua tng Slaxeipion tng kKukAodoplag, n eukoAio epunveiag Twv
QMOTEAECOUATWY O OUVOUAOUO HME TNV AmAOTNTA TOou OAyopiBuou Kol TO MIKPO
UTTOAOYLOTIKO KOOTOG UTIEPTEPOUV EVAVTL EVOG ULKpOU KEpSoug amodoaong.

H olykpLon SLopopeTIKWY HOVTEAWY ATIOTEAEL ATTO OV TNG EVOL ONUAVTLIKO EUNOSLO OTNV
npoonadela aflohoynong toug (Barros et al., 2015; Vlahogianni et al., 2014). e kaBe
neplntwon OpwG, elval onuavtiko va AapBavovtal untoPn oAa ta Stabéoipa epyadeia
katd tn Stadikacio uAomoinong pLog texvikng mpoPAednc. Méow tng Katavonong Twv
XOPOAKTNPLOTIKWY TOUG AAAQ KOL TV avayvwpeLon AAAWV TUXOV TIEPLOPLOLWY, UTOPEL va
attiohoynBet n teAikn emloyr pebodoloyiag.

Napapetpikéc MEBodot

‘Evayv eTUMA£0V SLoXWPLOUO TwV LEBOSwV kaBodnyou pevwy amnod dedopéva anoteAovv ta
TIOLPOLLLETPLKAL KOLL [N TIAPOAUETPLKA LOVTEAQ. ZNUAVTIKO LEPOC TWV MPWTAPXLKWY oTadiwy
™m¢ PBBAoypadiag, 6cov adopd to TMPOBAnUa TNG TPOBAsPng KukAodoplaKwv
ouvOnkwv, adplepwONKE oTn XPHoN MOPAUETPLKWY LOVTEAWV. AUTA TOL LOVTEAQ ATTALTOUV
TOV TIPOOSLOPIOUO KATIOWWV TIAPOHUETPWY  HLOG HABNUOTIKAC OXEONG HEOW TwV
SlaBéouwyv dedopévwy, wote va mpokUPEL pia TpoBAsen. Mepikd amod ta o yvwota
elval ta povtéda autopatng maAlvdpopunong EVOWHUATWHEVOU KIVOULEVOU HEGOU OpOoU
(owkoyévela ARIMA), Ta LoVTEAA YPOLULKA G TTAALVEpOUNoNG, TO poviéNo didtpou Kalman,
ta Mnedliava Siktua kot to povtéAo aAucibag Markov. ITOTIOTIKA HOVIEAQ OTIWG Ta
TapamAavw SlakpivovTal yla TNV UTIOAOYLOTLKN TOUG AITAOTNTA KAl TNV EUKOALQ eppnveiag
TWV ATOTEAECUATWY TOUG. QOTO00, N EPEUVNTIKN KOLVOTNTO ONMOCTACLOMOLETAL OO TLG
apadOCLOKEC OTATLOTIKEG peBOSoUC e€attiag TG aduvapiag ToUG va AVTILETWITIOOUV TO
00TABOEC KAl PN YPOUHLKO GALVOUEVO TNC KUKAODOPLAKNC pONG. KEVIPLIKO XOPOKTNPLOTLKO
TWV HOVTEAWV AUTWV £lval HEAETN HECWV OpwV PEYEBWV, EMOPEVWG, paydaieg peTaBoAEg
KOl aKpaileg TLUEG ota uTtd e€€taon Sedopéva Oev meplypddovtal O€ KOVOTIOLNTIKO
BaBuo (Manibardo et al., 2022).

Mn-rtopapetpkéc MEBodot

AUON Ot TOPATAVW MELOVEKTAUATA TWV OTATIOTIKWY HEBOSWV Topéxouv Ta UNn
TIOLPOLULETPLKA LOVTEAQ. Z€ QUTA TNV MEPLTTWON, N SOUN KoL OL TAPAUETPOL TWV POVTEAWVY
kaBopilovtal anod ta idla ta dedopéva péow plag dSladkaociog autopatng ekpadnong.
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QG OUVETELQ, TTAPATNPELTOL LEYAAUTEPN aKPIBELO KATA TNV HovTEAOTIOiNoN TTOAUTIAOKWVY
KOl 1N YPOAUUKWY GALVOUEVWY, OTIWG QUTO TNG KUKAODOPLAKAG poNG. Mo tn Aemtouepn
amokwdikomoinon potifwv petatl Twv KukAodoplakwy pHeyeBwv, péow tn¢ Stadikaoiog
€KHAONnoNG, amatteitol pHeYaAUTEPOG OYKoG SedOUEVWVY OE OXEON HUE TA OTATLOTIKA
HOVTEAQ. Z€ QUTA TNV KOTNyopla aVAKOUV KAl TA MOVIEAQ MNXOVIKAG MAONnong tng
mapovoag SUTAWUATIKNAG gpyaociag. Meplkd yvwotd POVTEAA NG Katnyopilag eival ta
Neupwvika Aiktua (Neural Networks), n NaAwdpounon twv k Kovtwvotepwy Mettovwy (K-
Nearest Neighbors Regression), ta Aévtpa Anodaong (Decision Trees).

Aueoec ) Eppeosc pEBodotl mpoBAsPne

To teleutaio kpitriiplo taflvounong 6ev avadEpetal TO00 O OUYKEKPLUEVEG OUAEC
HOVTEAWV OCO OTOV TPOMO HE TOV omoio umoloyiletal n petofAntr mpoPAedng. ITig
€Uupeosg  ueBOSGoug aflomolouvtal oL TPOPAEMOPEVEG TIHEG Twv  Sladopwv
KUKAOGDOPLOKWVY PETABANTWY 0 GUVOUAOUO UE TN HABNUOTLK TOUG CUCXETLON UE TNV
uetaBAnTi mpoPAedng. Evw, ol aupeoeg pEBodol ocuvnBwg ulomololv tn Sladkaoia
MPOBAedNG XPNOLUOTIOLWVTAG LOTOPLKA Oebopéva KUKAODOPLOKWY CUVONKwWV Kot
TIapAyouV w¢ oplopa e€660u TNV MPOYvVWon yLa Ta {NToUUEVA LEVEDN.

2.3'Epeuveg NpoBAePng KukAodoplakou Qoptou kat Xpovou Aladpopng
Npotuna MNpoBAewng KukAodoprakou Doptou

Onwg éywe katavontd n PpAoypadia mpoPAePng kukAodoplakwyv peyeBwWV
neptAappavel molkdia peBddwv mMpoyvwong. ZUYKEKPLUEVA, Ol AAyOopLOUOL UNXAVLKAG
Habnong amoteAoUv CUXVA TO TIPOTLUWHUEVO €PYAAElo, TO omolo LoXUEL Kol ylo TNV
mapovoa SuTAwpaTiky epyacia. MNa autd tov Adyo mapatiBevral épeuveg mPoBAeding
KukAodoplakwv HeyeBwv (xpovog Sadpoung, KukAodoplokog ¢optog) He xpnon
KAQLOOLKWV aAyopiBuwv pnxavikng padnonc (shallow learning).
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Ewkova 4: Ta Baotkd otolyeia tng mpoPAsdng tng kukAodoplag (Mnyn: Z. Liu et al., 2018)

Ot (Jankovi¢ et al., 2021) edpdppocav MANBwPA HOVIEAWY UNXAVLKAG LABNoNG yla tnv
npoPAsPn TG KukKAodopiag. Zuykekpluéva, Ste€nyayav SUo melpapoTa:

1. tnv npoPAedn tou nueprnolou kukAodoplakol ¢optou oe Slddopa aoTikd 0dIkA
TUApaTa,

2. tnv mpoPAsPn tou wplaiou kukAodoplakol ¢optou ot emAeypéva onueia
HUETPAOEWV yla TG SUO KateuBUVOELC Kivnonc.

Ta kukhodoplakda Oedopéva kal yla TIC OUo0 mneputtwoel mponABav amo
EVKATECTNUEVOUG EMAYWYLKOUG BpOXOUG 0TO 08600TpWHA yla TNV Xpovikn mepiodo 2011-
2018. Ta anoteAéopata UTESELEaV OTL oL 0AYOPLOUOL LNXAVIKNAC LABnong eivat tkavol ya
akpBeic mpoPAEYELC. ITNV MPwWTN Mepimtwaon to poviélo Aévtpou Anodaong (Decision
Tree) epdavioe tnv kaAUtepn anoddoon, evw otn SeUtepn TO LoVTEAO TToU Baciotnke otov
oAyoplBuo Lazy IBk. Q¢ TEAIKO cUUMEPAOUA ONUELWONKE OTL OAa Ta LOVTEAQ BaoLopEVa
oTov aAyoplBpo twv Aévtpwv Anodaong cuvdvalav kaAn anddoon kal eukoAia xpriong
kat ota dvo melpaparta. Emiong, avadépBnke OtL n TEXVIKA TNG ocuotadomoinong
(clustering) Ba pmopolos va €dAPUOCTEL ylo TNV OVTIUETWIILON OOUVETELWV TIOU
mapatnenONKav HETAEY MPAYUATIKWY TLILWV KAl TLLWV TTPOBAenC.

Ye plo aA\n mepimtwon, ot (Y. Liu et al.,, 2021), enixeipnoav va mpoPAEéPouv tov
KUKAOpOpLaKO HOPTO 0SIKWV TUNUATWV yLa Xpovika dtaotipata 15 Asmtwv kot 1 wpag.
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Edappootnke o adyoplBuog twv Evioxupévwy Aévipwv Anodaong (GBDT) mou avikel
oTnV Katnyopila t¢ cuMoyikng pabnong (ensemble learning), kaBwg kol To POVTIEAO
Wavelet Neural Network (shallow learning), éva e€iog veupwvikoU &SiktUou.
KukAodoplokd Oedopéva avtAnbnkav ywo ta e€etalopeva oSIKA TUAUATA HECW
texvoloyiag GPS, esvw aflomowiBnkav kot kalplkd Oedopéva. IVpdwva pe Ta
amoteAéopata, n MPOBAsY N yla LKPOTEPO XPOVIKO opilovta ftav mio aflomniotn. Evw, To
HOVTEAO OUAAOYIKNG paBnong GBDT (ensemble learning) mou xpnoiuomolndnke
uneploxuoe Evavtl Tou veupwvikoL Siktuou (shallow learning).

Ot (Yang et al., 2017) kataokeUaoav MOLKIALO LOVTEAWV Baclopéva oTov aAyopLlOpo Twy
Evioxupévwyv Aévtpwv Anodaong (GBDT). Ta dedopéva evvéa emaywyLlkwy Bpoxwv yla
To 08lkO TuApo State Route 22, Garden Grove (H.M.A) cuAAéxBnkav amo tn Paon
dedopévwy avolytng npooBaong Caltrans Performance Measurement System (PeMS). Ta
HovTéAa avamtuxbnkav yla Siadopoug cuvduaopoug UetaPAnTwv €L0060U, OMWC
SlL0popeTIKOUG CUVOUAOHUOUC TWV EMOYWYLKWV BPoXwV Kal Se60UEvVa yla TNV YELTOVIKN
KukAodopla kal yla xpovikd Staotripata mpoPAsPng mévte, Sk Kol SEKATIEVTE AETTTWV.
JKOTIOC TNG €PEUVOG QATOTEAECE N AVOYVWPELON TNG OXETIKAC ONUAVIIKOTNTAG TWV
Sladopwv petapAntwv ewoodou (feature importance), kaBwg kat n BeAtiwon TG
akpiBelag mpoPAedng tng kKukAodopiag. Q¢ cuumépacua, N KATAAAnAn puBulon Twv
UTIEP-TIAPAUETPWY KPLBNKe amapaitntn yia tnv BéAtiotn anodoon tou poviédou GBDT.
JuyKkpivovTtag To pe AN yVWOTA HOVTEAQ UNXOVIKAG LaBnong, onwg ta Support Vector
Machine (SVM) kat Back Propagation Neural Network (BPNN), to GBDT euddvice
pueyaAutepn akpifeta mpoPAsPng. To opdApa Atav €AAXLOTO OTNV TEPUTTWON TOU
XxpovikoU Staotrpatog npoBAedng 5 Aemtwv. TEAOC, mapatnpnOnke OTL N EVOWHATWON
5£60UEVWV OXETIKA UE TNV YELTOVLIKA KUKAOdOpia, BeATiwoe onuavtikd tTnv anddoon tou
povtélou GBDT.

Npotunta NMNpoBAsdne Xpovou Awadpoung

AKOUQ TIEPLOOOTEPEG Elval oL £EpeUVeC TIoU oXetilovtal pe tnv MPOPAedn tou xpovou
Swadpopnc. Ou (Zhang & Haghani, 2015) avéntuéav peb6doug ouAloyLkAG HAaBnong
(GBDT, Random Forrest) kaBwc¢ kot oTatloTikEG peBodouc (ARIMA) yia tnv mpoPAedn tou
Xpovou Sladpoung oe Svo TUAUATA auTtoklvntodpouou. lotopikd Sedopéva xpovwv
SLadpopng Twv 08IKWV TUNUATWY Xpnolpomnondnkay yia t dleaywyr Tou MEPAUATOG.
O XpOVOoG UeTaKivnoNG UTIOAOYLOTNKE yla XpOoVLKO opilovta Tévte, SEKATEVTE Kal TPLAVTA
Aemtwv. Avadoplkd pe To povtédo GBDT, mapatnprBnke OtL ol PETAPANTEG PE TNV
HEYAAUTEPN ONUAVTIKOTNTA ylo KABOe Staotnuoa mpoBAedng nTav n apéowe PonyoUHEVN
TIUA TOu Xpovou Sladpoung Kat o pubuog petaPoAng tou xpovou dtadpoung twv duo
tedevtalwv TIHwY. To MAPATIAVW HOVTEAO KOTAPEPE VO AMOTUTIWOEL PE HEYOAUTEPN
okpiBela tnv MOAUTTAOKOTNTA KAl TIG AMOTOUEG aAAayEG TNG KukAodoplag, apéxovtag
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aglomnioteg npoPAéPelg. MNa v emPeBaiwon tou mapandavw Loxuplopou, Ste€axOnke
€va deutepelov Mmelpapa o€ PEYOAUTEPO TUNMUATO OQUTOKLVNTOSPOUWY HE OTOXO TNV
pOPAePn xpovou SLadpoUnG o€ KATAOTACELG KUKAOPOPLOKAEC cUUPOPNONG KAl OUAANG
pon¢. To povtélo GBDT kal o€ autr) TNV NMepiMTwon unepioyuoe évavtl Twv aAAwv. Agilel
VO ONUELWOEL OTL N pUBULON TWV UTIEP-TIAPAUETPWY TOU LOVTEAOU ATIOTEAECE KOUHUATL TNG
€pEUVOG KoLl Kplowo otadlo yla tnv emiteuén BéAtiotng amodoong. MNapopoiwg pe
TIPONYOUUEVEG EPEUVEC UIKPOTEPA XPOVIKA Slaotripata mpoPAedng xapaktnpilovrav
ano UKPOTEPO odpaApa.

Itnv nepimtwon Twv (Qiu & Fan, 2021) avamtuxdBnkav TECCEPLS LN TTOPAUETPLKEG LEBoSOL
HUNXAVIKAG LABNong ylo TNV mpoyvwaon tou Xpovou Sladpoung oe oSIKA TUAUOTA TOU
autokwvntodpopou 1-485 Charlotte (H.M.A.). Xpnotwpomounkav ot alyoplBuot
oUMoYIKNG Ladnong (ensemble learning) Random Forest, Decision Tree, XGBoost kal to
VEUPWVLKO Siktuo LSTM (Long short-term memory). To povtéAo Random Forest epdavioe
™V HeyoAUtepn okpiBela  mpoBAednc. NoapdAAnAa, €ywve Slepevvnon NG
ONUAVTLKOTNTAC TwV LETAPANTWY £L00S0U. ATO Ta 35 apXLKA ETUAEYUEVA XOPAKTNPLOTIKA
(features) Tou povtélou dlatnpnBnkav ta 23 pe BAcn TNV TIUN CNUAVIIKOTATAG TOUG.
MeTaBANTEC OXETIKEG ME TO XPOVO SLASPOUNAG TOU QPECWE TIPONYOUUEVOU XPOVLKOU
Slaotuatog (mponyolpevn Twn) amd ekeivo tng mpPoPAedng KkpiBnkav wg ot
ONUOVTIKOTEPEG KL O QUTH TNV TEPUMTWON. EKTOC amd XPOVIKEG METAPANTEG
(nuepounvia, wpa), vPnAn oNUAVTIKOTNTA eMESEEAV HETAPANTEG OXETIKEG ME TNV
TOXUTNTA KOL TG KALPLKEG OUVONKEG. Q¢ YEVIKO CUUTIEPACHA ATtO TO MElpapO TPOoEKL P av
N UTOAOYLOTIK olkovoula kat n uyPnAn akpifela mou yapoaktnpilouv Ta HOVIEAQ
oUAAOYLKAG pabnong.

Je Tapopola cuumepdacpata KatéAnée kat n €peuva twv (Cheng et al.,, 2019).
Xpnotwornowwvtag Stadopes HeBOSoug unxavikng pabnong emxeipnoav tnv npoPAsPn
XPOVoU SLadpoung o TUNUA QUTOKLVNTOSPOHoU. AOyw €AAewPnC €mapkoug OyKOu
npayuatikwyv  Sedopévwv  xpovou  Sadpoung aflomolibnke TO  TPOYpPAUMQ
npooopoiwong tng kukAodopiag VISSIM. Elodyovtag ta undpyxovia dedopéva xpovou
Swadpopng kat pubuilovtag TG amopaitnte KUKAODOPLAKEG TAPAMETPOUC OTO
poOypaupa, eivat duvatn n Snuoupyia moAAAMAwWY Mpocopolwoswv. H mpooavénon tng
TeAkng Baong dedopévwy mpaypatono}Onke pe TNV ouAloyr Twv SeSopévwy Tou
TIapryayov ol TPOCOUOLWOELS. Ta HOVTEAQ Tou edoppootnkav ntav ta £€nG: Back
Propagation Neural Network (BPNN), Support Vector Machine (SVM), Gradient Boosting
Decision Trees (GBDT). H péBodo¢ ouMhoylkng pabnong mou edapupocav (GBDT)
umeploxuoe €vavil TwV TO OMAWV MOVTEAWV. Onwe Kal o€ OGAAEG TEPUTTWOELS
ovTioTOL{WV EPEUVWY, TO OXETIKO odAApa aufavotav 000 aufavoTav Kal O XPOVLKOG
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opilovtag npoPAePng. Evw n petafAnTr) pe TNV LEYAAUTEPN CNUAVTIKOTNTA OmOdelXTNKE
N TeAeuTaio TN Tou Xpovou SLadpoung mpLy to Staotnua mpoPAedng.

2.4 EdapuoyEe tng Zuvaptnong BPR

Jupdwva pe toug (Vlahogianni et al., 2014), TiBetal to epwTnua av oL cuyxpoveg uebodot
TIOU TIAPOUCLACTNKAV TIPONYOUHEVWE ipoodEpouv peyalutepn akpipela mpoPAedng oe
oxéon He aMeg mapadoolakeg uebodoug. Eva epyaleio kavd va meplypalel
KuKAodoplakeéG ocuvbnkeg amoteAolv oL cuvaptioel Ooptou-Kabuotépnong (Volume-
Delay Functions), pue yvwototepn tnv cuvaptnon BPR (Bureau of Public Roads Function).
AkolouBel pwa ouvoPn TG PBAloypadiag avadoplkd HE TNV XPAON KoL
TIAPAUETPOTOLNCN TNG cuvaptnong BPR yia tnv mpoPAedn kukAodoplakwv peyebwv.

H ouvaptnon BPR £xeL tnv akoAoubn popodn:

T =Ty (1 +ta (%)ﬂ) (1)

omou:

T = xpovoc dtavuong odKoU TUAHATOG

Ter= xpovog dtavuong oSIkoU TUAMOTOC 08 oUVONKEG eEAeUBEPNC PONG
V = kukAodoplakog ¢poptog 051koU TUAUATOG

C = kukAodopLakn LkavotTnTa 0SIKOU TUAUATOG

a, B = mapauetpot

JUVNBOELG TIHEG TWV TAPAUETPWY a Kot B eival 0.15 kal 4 avtiotowa. 2tnv mpaén oUW,
EXEL XpnolpomolnBel éva peydlo €0poC THWV Kal yla Tig U0 MAPAUETPOUG KATA TNV
epapuoyn tng ocuvaptnong (Mahdi et al., 2022). H mapapetponoinon tng cuvaptnong
BPR amoteAel onuavtikd €pyaAeio yla TNV QVILLETWIILON TWV TIEPLOPLOUWY TIOU TNV
xapaktnpilouv otnv Baoikn tng popdn. H ocuvdaptnon avantuxbnke e OKOTO TNV Xprion
NG O£ TUNMUATA AUTOKLVNTOSPOUWY QVETTTUYHEVWY XWPWV. EMOUEVWC, 08IKEC UTTIOSOUEG
He SLadOPETIKA XAPAKTNPLOTIKA (PwTelvol onuatodOTEC, SLOOTAUPWOELS, TILVAKIOEC
puBULONG KUKAodopiag, TapAvopn OTAOUEUOHN, YEWHETPIKA XAPOKTNPLOTIKA 060U,
HEYEDOC OXNUATWY, TTOCOOTO PBAPEWV OXNUATWY KTA.) OMEXOUV OPKETA OO TO OPXLKO
mAaiolo yla to onoio oxedldotnke n cuvaptnon (Mehbub Anwar et al., 2011; Pan et al.,
2022; Saberi & Figliozzi, 2011). H pUuBuon twv mapapétpwy Aapfdavovtag umoyy ta
OUYKEKPLUEVOL XOPOAKTNPLOTIKA €VOG O0OLKOU TUAUATOC MMmopel va BeAtuwoel tnv
ocuunepldopad tng ouvaptnong. Evav mepLloplopnd o€ AUt TNV OVTLUETWIILON ATIOTEAEL N
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€K VEOU TIOPAETPOTIOLNGCN TNG CUVAPTNONG IOV aTalTeital yia KaBe mibavn nepilmtwon
o06wKoU tunuatog (Pan et al., 2022).

Ta dadopa XOPOKTNELOTIKA TwV 08WKWV umodopwv Tou avadpépdnkav ennpedlouv
ONUAVTIKA Kot T Stadikaoia ektipnong Twv kukAodoplakwyv PeyeBwv ou anattouvtal
yla tnv xpnon tng ocuvaptnong (Mehbub Anwar et al., 2011). JuykekpLuéva, N akpLBng
eKTiHNON TG KUKAOopLakng tkavotntag (C) evog 081koU TUAMATOC amoTeAEl TOAUTIAOKN
Stadkaoia, eldika otnv nepintwon EAewdng twv KatdAAnAwv dedopévwy (Petrik et al.,
2014; Saberi & Figliozzi, 2011).

Mivakag 1 : Napdyovteg mou ennpealouv TNV KUKAopopLakn woavotnta (Mnyn: ENNOIEZ
BAZIKQN MAPAMETPQN KYKAOM®OPIAZ I. lavvric - I. TkoAiag - I'. KaveAdaidng)

O81kég TuvOnkeg: KukAodoprakég TuvOnkeg:
= [Aartog Awpidag kukAodopiag Kat = [oo0oTO GoPTNYWV QUTOKIVATWY
0600TPWHATOG = [locooto Slepxopevwy Aewdopeiwv
= Andotacn Kotakopudpwy epumodiwv =  [locooto Aewdopeiwv Tou oTapaTouV vy
=  Epeiopata erupifaon/anoBifacn empatwyv
= BonBntkég Awpideg (otabueuonc, = Katavoun kukhodopiag ava Awpida
aAAayng taxutnTag oTpodng Kat =  [looooTO oXNUATWV Tou otpedouv SeLd N aplotepa
QVAOVAC, TAEENG, avwdEpELag) = AloKUpAvoelg TnG Kukhodopiag, blaitepa o TOA
=  Katdotoon enidpavelag KUALONG = JtaBpevon mapd to Kpdomebo, oTAoelC Aewdopeiwv otV
= Xapoaén odou 0606
=  Katd prkog khion = Pogg melwv
= Opatotnta = Ei60G 08nywv (taktikol Kat un)
ZuvOnkeg Asttoupyiag:
= Aewtoupyia Tng 060U WG povodpopou i wg 060l 6Uo KateuBUVoEWY
= Yropén dwrewng onuatodotnong
= 'Yropén mpotepaldTnTOg e 06LKA onpavon

H évvola Tng KUKAOGDOPLAKAG LKOVOTNTAG EXEL UTTOOTEL APKETEC AAANAYEG LOTOPLKA HE TLG
Sladpopec ekdooelg Tou Eyxelpidiou Kukhodoplakng Ikavotntag (HCM), kabBwg Kal UE TLG
HETAPBAANOEVEG AVAYKEC TNG EPEUVAC TWV KUKAOPOpLOKWV epappoywvV (Petrik et al., 2014;
Suh & John Kim, 1990; Wu, 2020). ZUpdwva pe to Eyxelpidlo KukAodoplakng Ikavotntag
2000 (Highway Capacity Manual 2000), n kukAodoplakr) tkavotnta eKppalel TOV LEYLOTO
aplOpo oxnuatwyv n melwv mou pnopel va mepdocouv anod pia dtatoun i opoldpopdo
U Awpidag kukAodopiag 1 odol, katd pia katevBuvon f kal katd TG Svo
KATeUOUVOELG KaTd TN SlapKela pLoGg 6e50UEVNG XPOVIKNG TIEPLOSOU, UE TIG OOLKEG Kal
KUKAOpOpLlaKkEG ouvOnkeg KaBwg Kal TG ouvBnkeg eAéyxou NG KukAodopiag mou
ETUKPOTOUV.

Ze maAlotepn €kdoon tou Eyxelpldiov KukAodoplakng Ikavotntag (Highway Capacity
Manual), mapouaoildotnke €va elpog €€l eminedwv eEunnpétnong (level-of-service), to
OTIOLO TTIOCOTLKOTIOLEL TIC CUVONKEG AELTOUPYLOG TWV OTOLXELWV EVOC 061KOU CUOTHUATOG.
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To eninedo efunnpétnong A ekdpalel TIG ouvBnkeg eAelBepng pong, evw To eminedo
efunnpétnong F Tov Kopeoud TOU GUOTHATOG.

H xprion tn¢ évvolag tng KUKAOPOPLAKAG LKAVOTNTAC XOPOKTNPLIETAL OO ACUVETIELD OF
OPKETEC TEPUTTWOELG oTnNV BLBAloypadia. Kowvwg amodekTr MPaKTLKr anoteAel mAEov n
XPAON TOU OPOU TNC KUEYLOTNG LKAVOTNTAGY, SNAASH, TOU PEYLOTOU HOPTOU OXNUATWV
ToU 08lKoU TUAMATOC Tou avtlotolxel oe eminedo efumnpétnong E (6mou V/C =
1)(Marshall, 2018; Wu, 2020). Me Bdon autd, CUUMEPOLVETAL OTL N TEPLTTWON TOU
KukAodoplakol ¢poptou va emepdocel TNV tkavotnta tng odou (V/C > 1) Sev elvat ediktn
oTNV MPAEN, MOPA LOVO YLO LEPLKA AETITA TIPLV TO CUCTNUA ETILOTPEYEL O XAUNAOTEPOUG
puBpoug pong (V/C< 1).

Ooov adopad tnv cuvaptnon BPR, n TLun TnG tkavotntag cuvnBwc avtiotolxel oe poptoug
erunédwv efunnpétnong C D (level-of-service) tou Eyxelptdiov KukAodoplakng
Ikavotntag (TRB, 2011). Me Bdaon autd Tov oplopo, N KukAodoplakn kavotnta Sev
Seopevetal and TV €vvola HEYLOTOU puBuoU pong mou eMBAAAOUV TA XOPAKTNPLOTIKA
™G 060U. e aUTN TNV MEPUMTTWON 0 KUKAODOPLOKOG $OPTOg PEPEL TNV €vvola TNG
BewpntikAg IATNONG KoL OXL TNG TPAYHOTIKAG KUKAodOpLlaKAG ponc. Emopévwg, n
€kdppaon V/C > 1 dnhwvel 6tL n INTNoN £XEL EemepAoel TNV Mpoodopd Kal To cUOTHUA
Bpiloketal oe katdotacn oupdopnong. Auti n Bewpnon €pxetal oe aviiBeon pe TN
Bepellwdn Bewpnon tng kukAodoplakng pong (TRB, 2011). uvenwg, o Adyog popTou-
tkavotntag (V/C) tng cuvaptnong §ev UMopel va apEXEL KATIOLO TIPAKTLKO VOO WG TTPOG
™V avaAluon TG kKukAodoplag Kal TNV CUCXETION TOU HE TPAYHATIKA Sedopéva
KukAodoplakwv peyeBwv. H avtiBeon twv U0 Bewprioewv tou Adyou ooépTOU-
LKOVOTNTOG YIVETAL aKOPO TIO KOTOVONTA Omo TNV TOPATAPNON TWV TAPOKATW
SLaypappATWY.

Taxtirra (xAwtipa)

% dprog foxruatatipa)

Awdypappa 1: Ospediwdeg Staypappa taxutntag-poptou (Mnyn: KYKAODOPIAKH TEXNIKH
I. ®pavtleokakng - I. NkéAwac - M. MitowaBa-AativorovAou)

17



JUpudwva pe to Bepedlwdeg MapaBoAlkd SLAypOappa TNG OXEoNG TaxuTtnTAG-POPTOU
(Awaypappa 1), n avénon tou kukAodoplakol GOPTOU HEXPL TO ONUELO KUKAODOPLOKAG
tkavotntog (C) emupépel TNV peiwon tng taxvtntag (Avw kKAadog). Metd and autd to
onueio T000 0 HOPTOC 60O KAl TAXUTNTA LELWVOVTAL LEXPL VA UNOEVIOTOUV, KATL TO OMoio
OUVASEL KAl E TIPAYUATIKEC TTAPATNPAOELS TWV EV AOYW KUKAODOPLAKWY HEYEOwWV.

Aldaypappa Taxvtntag-®éptov Tuvaptnong BPR

—— a=0.15, b=4
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Adypappa 2: Aldypappa taxutnTag-eoptou tng cuvaptnong BPR

‘Eva avtiotolyo didypappa toxutntag-¢poptou ¢ cuvaptnong BPR (Alaypappa 2) €xet
™V popdn pag ¢bivouoag cuvaptnong, aveéaptnTa TWV TILWV TWV TAPAUETPpWY a, B.
Mapatnpeitat ot petd to onueio V/C =1 o poptog ouveyilel va avéavetal £éwg OTou
pUnéevioTel n TaxvuTnTa.

TéAog, Evav akopa Baolko TEPLOPLOUO TNG CUVAPTNONG OTOTEAEL TO YEYOVOG OTL TELVEL VAL
UTTOTLUA TOV XpOvo Sladpoung o ouvOnkeg kukAodoplakng cupdopnong (V/C > 1). Evw
OE OPKETEC MEPUTTWOELG TapatnpnOnke OTL KAl otnv avtiotpodn mepintwon (V/C < 1)
OUXVA N oUVAPTNON UIMOPEL VO UTIEPEKTLUNOEL TOV XpOvo dtadpoun (Barka & Politis, 2021;
Wu, 2020).

2.5 Zuunepaopata BipAloypadiag

Jupdwva pe tnv BpAoypadia, n mpoyvwon KukAodpoplakwv HeYEBWV ot TOANEG
TIEPUTTWOELC YIVETAL LE TNV XPHON LOTOPIKWV SeSopEVwY TNG HeTaBANTAC MpoBAedNC WG
oplopa €L00d0u. TNV mapolod SUTAWMATIKA epyacia £ylve TPoomabela avAmTuéng
HOoVTéEAwV Tou Sev amattouv Lotoplkad dedopéva yia tnv petapAnti nmpoPAedng. H
EKTIUNON TwV KUKAOOopLaKkwV GOPTWY OTNV apx KAl TO TMEPAC EVOC O8IKOU TUAUATOG
€YLVE HOVO HE YVWON TwV avtioTtolywyv xpovwy dladpoune. Evw, yia tnv mpoPAedn tou
Xpovou SLadpoung xpnolomnoldnkav amokAeloTikd dedopéva KukAodoplakwyv GopTwv.
AKOUO, OPKETEC €PEUVEG KAVOUV XPNON TWV XWPLKWV OCUCXETICEWV METAEL Twv
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KUKAOGDOPLOKWV HETABANTWY yLa TNV emiteuén piog mpoPAedng. Eva mapadelypa ivat n
aglonoinon kukAodoplakwv SeSOUEVWVY YEITOVIKWY O8IKWV TUNUATwv. H xprjon Ttou
KukAodoplakoUu ¢Ooptou €l0060U oto O08IKO TUNUA Ba CUVEBAAAE ONUAVILKA OTNV
npoPAePn tou kKukAodoplakol doptou e€d6dou. Qotdoo, anodaociotnke n diepevvnon
™G KavotnTag TPOPAEPNG Twv HOVTEAWV XwPLC auti tnv TAnpodopia XWPLKAG
OUOXETLONG.

H mAewopndia twv epeuvwv mou ouvavtwvtal otnv PipAoypadia mpoPAedng
KukAodoplag adopd 0bika TUAHATA KOl OXL CUVOALKA éva eupUTEPO 061KO Siktuo. Mia
oo TIC atie¢ yla TNV omola moapatnpsital autd To ¢atvopevo eival n amouoia
Sedopévwy pag kukAodoplakng LETABANTAG yia TTOAAG T paTa Tou diktuo. Tnv eniluon
autoU Tou PoPARHATOC SLEPELVA KATA EVa LEPOG KL N TTapoV oA SUTAWLATLKA Epyacia.
Onwg €xeL N6n avadepbel n kataypadr cuykekplpéva Tou KukKAodoplakol ¢optou ot
Oo\a ta onueia evog Siktuou Sev ival mavra ediktr). H mpoPBAsPn Tou pe HOVTEAQ TTOU
QTOULTOUV WC OpLlopa L06S0U OVO ToV XpOVo SLadpoUnG LowC UIMOPEL VoL TTOTEAEDEL L
XPNOLUN TPAKTIKN. AUTO 8ev onuaivel OTL Ta POVTEAQ Tou aflomololv TNV Alyotepn
Suvatn mAnpodopia anoteAolv tnv BEATIOTN otpatnylkn. Exel avodepBel Ndn apkeTEC
dopég OtL n poPAedn TNG KuKAodopiag amoteAel MOAU-TIOPAYOVTIKO TPORBANUA. Auto
eruBefatwvetal kat and tnv BpAloypadia omou nokiAia SeSo0UEVWY EKTOG TWV BACIKWV
KUKAOGDOPLOKWYV TTOPAPETPWY EVOG 05LKOU TUNUATOC UITOPOUV VAL CUMBAAAOUV GNUAVTIKA
otnv KaAutepn mpoPAedn evog kukAodoplakol peyeBoug. TuvnBn moapadelypota
QTTOTEAOUV TA KALPLKA SE60UEVA, KUKAODOPLAKES OCUVOINKEG YELTOVIKWY OSLKWV TUNUATWVY
KOlL OTOTLOTIKA SE60UEVA ATUXNUATWV.

Xpr oo CUUTTEPACHOTO TIPOEKU YAV KAl 000V apopa TO LOVTEAX LNXAVLKAG LABNoNG yLa
v mpoPAePn kukAodoplakwyv peyeBwv. Movtéda mou aflomololv PeYAAEG BAOELS
TPAYUATIKWY SeSopEVwY yla TNV emiAuon MOAUTIAOKWVY MPOBANUATWY, OMWG AUTA TNG
UNXOVIKAC pHaBnong odnyolv ouvnBwe oe KAAUTEPA OTMOTEAECUOTO OE OXECN HE
napadoolokd HoviEAa PBoolopéva o€ HABNUATIKEG OXEOELS KukAodoplak pongc.
Elbikotepa, povtéda Baotlopéva ota Aévipa Anodaong Kat TiG mopaAAayEg Toug ouxva
obnyoloav oe KOAUTEPEG TIPOPAEYPELS CUYKPLTIKA PE AAAQ HovTEAA pnxAS Hadnong
(shallow learning) otig épguveg mou mapoucldctnkayv. TEAog, poviéAa Bablag pabnong
(deep learning) ouxva mapouctalouv otnv BipAloypadia peyaAltepn akpifela os
nipoPAnuata npoPAsPnG, OUWG TTAPAYOVTEG OTWG N TTOAUTTAOKOTNTA €VOC MOVTEAOU, N
KataAANAOANTA yLa To £(60¢ Tou TPOPANUATOG, N EUKOALO EPUNVELOC TWV OTTOTEAEGUATWY
Kal n duvatotnta PeTadopdC TwWV OMOTEAECUATWY O AAAEC ouvOnKeg Ba TpEMeL va
AapBadavovtat umodn ya tnv ermtidoyn TG KatdAAnAng pebodoloyiag.

Ooov adopa TIc cuvaptHoelg pOpTou-KABUOTEPNONG N amouacia evog YeVIKOU TAALGLOU
mapapeTponoinong toug eivat gpdavng. Kabe pabnuatiky ouvaptnon ¢oéptou-
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kaBuotépnong TEePAAUPAVEL EVOELKTIKEG TLUEC TOPOUETPWY OL omoieg Oev elval
OUMPATEC e OAa Ta TBAVA O8LKA TUAMATA KOL TA XOPOKTNPLOTIKA TOUuG. Emopévwg, yla
NV XpHon toug amatteital pa dtadikacia pudULoNG TwWV MAPAUETPWY TOUG. ATO TNV
uEBodo mapapeTponoinong g ouvaptnong BPR tn¢ mapoloag SUTAWUATIKAG Epyaciag
TUPOKUTITOUV KOlL Ol TLUEG TWV TIAPAUETPWY yla TIG OTtoleg Ba pmopouoe va edpapUooTel
oTo UMO e€f€taon odiko tunpa tng A. AAe€avépag. AKOUQ, N ATMOUCIO OTEPEWV Kal
QUOTNPWYV HABNUATIKWY OPLOUWY YLa TLG EVVOLEG TNG KUKAodopLakng cupdopnaong (V/C)
KOl LKOVOTNTOG TTIOU OUVASOUV KOL E EUTIELPLIKEG TIOPATN PN OELG, TOVI{OUV TTEPALTEPW TNV
aduvapla tTwv ocuvoptioswv ¢optou-kabuotépnong w¢ epyoieia mPoPAedng kot
avaluong tng kukAodopiag. EmumpocBeta, n ektiunon tou 0pou TG KUKAOGDOPLOKNG
Lkavotntag tn¢ ouvaptnong BPR amattet kukAodoplakd dSedopéva mou mbavov va pnv
elval mavra dtabéopa. Me tnv péBodo mou avamntuxBnke otnv mapolod SUTAWUATIKN
gpyacia yla tnv edappoyn tTNg ouvaptnong, n akpBng ektipnon tng KUKAopopLAKNG
tkavotntag dev kpivetal avaykaia ocov adopd tnv mpoPAsPn tou xpdvo SLadpounc.
Elvatl onuavtiko va avagpepBel 6TL oL cuvaptnoelg dopTou-kabuotépnaong avadEpovral
QTMOKAELOTIKA 0€ 081KA TURpata, Baocllopeveg otn Bewpnaon 6Tl 0 KUKAODOPLAKOG GOPTOG
€10060v eival (0og pe tov KukAodoplako ¢opto €€66ou pLag 0doU. TUVETWEG OYVOOoUV
EVTEAWG TNV CUUMEPLPOPA SIKTUOU TIOU MAPOUCLA{OUV TA CUVSEOUEVO O8LKA TURUATA.
Me Bdon to mapamndavw, ot mapoadoxéC otig omoieg PBaociletat n ouvaptnon BPR
amoteAoUv  adopun ylo TNV OUYKPLON TNG HME  MN-TIAPOUETPIKEC HeEBOSOUG
KaBodnyoUpeveg amo Se6oUéva, OTIWC OLUTEC TNG LNXOVIKN G LaBnong. Me autd tov Tpomo
elval duvatd va SlamotwBel av ol mapadoxég evotabouv yla TNV avaAluon Tou
dawopévou g KUKAopopLakn g pong.
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Kedaiaio 3

MeBobohoyikn MNpoogyylon kal OswpnTtikod Yopabpo
3.1 Eloaywyn

H mpdoyvwon xpoévou Stadpoung kat kukAodoplakol optou o€ 08IKO TN amoTeAEl
0TOX0 TNG mapouoag SutAwpatikng. To Kedpahato 3 mpaypatevetal tnv pebodoloyia mou
XPNoLlomontnke yla tTnv uAomoinon Twv HovtEAwv poPAednG, KaBwG Kal To BewpnTIKO
unoBaBbpo oto omoio Paciletat. AAyoplOuoL pnxavikng pabnong kat n ocuvaptnon BPR
epapuodoTnKav yla TNV Poyvwon tTwv {NToUUeVwY HeTaBAnTtwy. AKOAOUBOUV YEVIKEC
TIANPOdOPLEC OXETIKA HE TOV KAASO TNG UNXAVIKNG LABNnong Kal 8k avadopd oToug
ETUAEYUEVOUG aAyoplOpoug Twv MoviéAwv Decision trees kot GBDT. TéAog, Ba yivel
ouVTOuN apoucioon TNG cuvaptnong BPR kat tng pebodou eAaxloTwy TETPAYWVWYV TTOU
XPNOLLOTIONONKE yLa TNV MOPAPETPOTIOLNTH TNG.

3.2 Mnxavikn padnon

H Mnxaviky Maenon (Machine Learning) amoteAel umo-nedio twv KAASdWV TEXVNTAG
vonUoouvNG Kal ETLOTAMUNG UTIOAOYLOTWVY TIOU ETUKEVIPWVETAL OTNV  QVATTUEN
OAyopiBUWVY Kal HOVTEAWV KOVWVY va PBeATIwWVOUV TNV amodoor Toug ot €va €pyo,
«poBaivovtac» amo Sebopéva Kal mponyoupevn eumelpia. Ot aAyoplBuol autol
Bpiokouv edpappoyn MAEov o MANBwpPA EMOTNUOVIKWY TTESIWV. H €évvola TG LNXOVLKAG
Habnong yevvnOnke Sekaetieg mpLy, otav anod to 1950 AAav Toupwvyk (Alan Turing) €Beoe
™V B€a pNXavwyv LKAvVWV va HnBbolv tnv avBpwrivn vonuoouvn. Alya xpovia
apyotepa, to 1959, o ApBoup ZdautoueA (Arthur Samuel), mpwtondpog otov KAASO TNG
TEXVNTNG VONUOooUVNG EMLVONCE KAl EMiCN A TOV 0pO.

OL péBobdol unxavikng nabnong Slakpivovtal oe TEcoepLg eVPEieg katnyopleg, pe Baon
™V dUoN ToU EKMALSEVUTIKOU CHUATOG.

1. Emutnpolpuevn Mabnon (Supervised Learning): AmoteAel pia amd Tig 1O
Sladebopéveg pebodoug unxavikng pabnong. Nephappavel tnv exnaibevon tou
HOVTEAOU péow SebOUEVWVY OOV UTIAPXEL TtPOKABOoPLOPEVN avTloTolyia LeTaEw
TWV oplopdtwy €06dou kal €€66ou. Zuvenwg, o aAyoplOpog «upabaively va
umoAoyilel TO OWOTO OMOTEAEOHA HE PAcn TNV TOPAMAVW QVILOTOLXia,
KaBlotwvtag Tov Ikavo va Kavelg mpoBAePelg o véa dedopéva. Ot adyoplOpuol
outoU Tou €ldoucg xpnowuomololvtal Kupiwg oe mpoPAnpata taflvounong
(classification) kat taAwvépounonc (regression).

= [oAwbdpounon (Regression): H taflvounon amoteAel tumo aAyopiBuou
ETOTMTEVOUEVNG UNXOVIKNG HABNoNG, oto omoio To HOVTIEAO TapAyel
OUVEXELG aplOUNTIKES TLUEG WG £€0b0.
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=  Ta&wounon (Classification): Ze auti tnv mepimtwon oAyopiBuwv, to
HOVTEAO ekmalSeveTaL VO TIPOPAETEL SLAKPLTEG KATNYOPLEG I KAAOELG WG
€£060. 2TOX0C TNG TalVvOUNONG €lval va opLoTel éva Oplo amodacng mou
Staxwpilel SLaPOPETIKEG KAAOELG e BAON TO XOPAKTNPLOTIKA £L0080U,
ETUTPEMOVTAC OTO MOVTEAD va Taflvounoel véa Sedopéva og pia amo Tig
T(POKABOPLOPEVEG KATNYOPLEG.

2. Mn-erutnpolpevn Mabnon (Unsupervised Learning): e avtiBeon pe tnv
ETUTNPOUUEVN LABNON, N avilotolyio LETAEY TwV OpLoPATWY El06S0ou Kal e€66ou
Twv dedopévwv amouoldlel. Autd cuvemayestal OTL €va amo ta kabrnkovta Tou
oAyopiBuou eival va evtonioest kamola dopn n potifa ota dedopéva xwpic pntn
kaBodnynon. H xprion tou¢ evtomiletal oe mpoPAnuata cuotadomoinong
(clustering) kat peiwong Staoctaoipotntag (dimensionality reduction).

3. Hut-emtnpolpevn pabnon (Semi-supervised Learning): AnoteAel cuvduaouO TWV
S0 mapanavw PeBOdwv. ITnV Mpagn, Tuxaivel oe peyaloug oykoug SeSopévwv
vaL NV UTtapxeL n mpoavadepbeioa mAnpng avrlotolyia petaf Touc. QoTO00, £XEL
napatnpnbel oe OopPKeTEC ePaAPUOYEC OTL N XPHON OVTLOTOLXLOMEVWY KOL HN
6ebopévwy BeATlwvel TNV amodoon Twv aAyopibuwv.

4. Evioyxutikny padnon (Reinforcement Learning): Xtnv mpokelpuévn mepinmtwon, o
oAyoplOpog alAnloemibpa pe €va Suvapko TEpBAAAOV Kal, HEOW Hiag
Stadkaoiag avatpododotnong avrtapolpwy Kot mowwyv, AapBavel anodpdaoelg.
Z1ox0¢ ival va BpeBel n BEATIOTN oTPATNYLKA LEYLOTOMOLNONG TWV avtapolBwy,
woTe va eiteuxOel 0 okomOCg TOU HOVTEAOU.

‘Evag deutepelov SLOXWPLOUOC TwV HEBOSWV pNXavIKAG Habnong £xel mponynBel oto
KeddAawo 2 tg BiBAoypadikng avaluong. Q¢ umevBuuLon, oL aAyoplOpol UnXavikng
HAaBnong umopouyv eniong va talvopunBbouv pe BAon TNV apxLTEKTOVLKNA TOUG O€:

1. Pnxn MaBnon (Shallow Learning)
2. ZuM\oyiwkn MaBnon (Ensemble Learning)
3. BaBuad Mabnon (Deep Learning)
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SARSA, PG Reinforcement . B
AC, A3C Learning « DON .
GAIL DDPG |,
FAIL MA-DRL,
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Adaoost '\ Spperied i
LR, SVR
K-NN, RF K-Means
BT Machine Learning PCA
ICA

Ewkdva 5: Katnyoplomoinon twv pebodwv punxavikng padnong (Mnyn: Yuan et al., 2022)

3.2.1 Nepypadn AAyopiBuwv Mnxavikng Mabnong kat ZUUMANPWHATIKES
‘Evvolec

Je QUTA TNV €VOTNTO TEPLYPADETOL MO YEVLKA TIPOKTIKA avATTUENG aAyopiBuwv
HUNXOVLKAC HAaBnong yla tnv emitevén texvikwyv npoPAéPewv Exel yivel avtiAnmto ot
Baolky mpoUmoBeon Twv oAyoplBUwv pnxavikng padnong amoteAel n ouAloyn
6edopévwv LPNANG molotNTaG amo aflomoTteg MNYEC. Kotd Kavova, amalteital éva
otadlo npo-emnefepyaciog Twv SeS0UEVWVY PUE OKOTIO QUTA VA QTIOKTAOOUV KATAAANAN
pnopdn va tpododotricouv tov alyoplopuo.

ZuvnBwg, 0 UTTOAOYLOMOG TNG CUCXETLONG METOEL TwV Sedopévwy amoteAel éva XproLUo
npwto BrApa. O CUVTEAECTHC CUGKETLONG Elval €Val OTATLOTIKO UETPO TIOU TTOCOTLKOTIOLEL
0 PBabud kat tnv katevBuvon NG oxéong MeTafl Svuo petaPfAntwv. MNoapéxel P
OPLOUNTLKA T TTOU UTTOSELKVUEL TTOOO EVTova Kal Ttpog mota katevBuvon aAlldalouv Svo
HeTaPBANTEG. OL IO YVWOTOoL OUVTEAEOTEG oUOXETIONG eival: 1) Pearson, 2) Spearman, 3)
Kendall. Ot Tipég toug kupaivovtat amo -1 €éwg 1. Elvat onpavtiko va TovioTel otL n uPnAn
OUOXETLON UETAEY TwV HETABANTWY SEV CUVEMAYETAL OXECN AULTLOTNTAC.

JTNV OUVEXElR, Tpaypotomoleital SopObwon AavOaoHEVWY 1) KEVWV TIMWV  Kal
Snuoupyeital n avtiotowio kKaBe onueiou otnv Baon de6o0UEVWY HE TNV TLUR OTOXOU
(target value), epdoov auto xpelaletal.

XapOaKTNPLOTIKO OTASL0 TwV KAAOGCIKWY OAYOPIOUWY HNXavikng padnong amoteAel n
EMAOYN N KAl KOTOOKEUN Twv KATAAANAwv xapaktnplotikwv (feature selection &
engineering) mou meplypadouv tn dopun Twv dedopévwv pe akpifela. Ta mapamavw

23



XOPAKTNPLOTIKA Ttailouv KaBopLoTikO poAo otnv BeATLIoTONOINON TNG Anodoong Kot TNV
KATAVONGON TWV QMOTEAECUATWY TOU aAyopiBuou. Eva mapdSelypa KATAOKEUNG
XOPOAKTNPLOTIKOU amoteAel N opaAomnoinon tng kKAlpakag twv dedopévwy. H Stadkaoia
™G opoaAomoinong uvlomouBnke kot ota &edopéva TNG SUTAWUATIKAG epyaciac.
Yndapyxouv O8l1adopeg TEXVIKEG opaAomoinong, Opw¢ oTo TAaiolo NG epyaciag
€PapUOOTNKE O HETACKNUATIOMOC AoyapiBuou ota Sedopéva. JUYKEKPLUEVO LOVTEAQ
onw¢ ta Decision trees kat GBDT nmapéxouv BabBuoloyleg OXETIKA UE TNV ONUOVTLIKOTNTA
TwV &V Aoyw xopaktnplotikwy (feature importance). AuTéG MAPEXOUV WLl TTOCOTLKN
afLOAOYNON yLa TNV CUVELOPOPA KAOE XOPAKTNPLOTIKOU OTO TEALKO QTIOTEAECUAL.

Metd tnv emloyn HovtéAlou e Baon To 1606 Kal To ARB0G Twv dedopévwy, Tnv puon
Tou TPOoPAAMOTOG Kol AapBavovtag umoyn Toug TEPLOPLOMOUG KABe aAyopibuou,
akoAouBel To oTadLo tn¢ ekmaideuong. ITOXOC ULOC LNXOVAG LABnong elval n yevikeuon
uog dtadikaoiag, SnAadn n wavotnta tng va anodidel oe mapopola mpoBARUATA UTO
véa Sedopéva. AuTo emttuyyavetal xwpilovrag tuxaia tnv Baon dedopévwy oe debopéva
eknaidevong (training data) kot dedopéva eAéyxou (test data). Ta mpwrta emITpEMOUY
otov aAyoplBuo va evrtomiosl potifa kol ox€oelc PeTAfL Twv PETAPANTWY, EVw Ta
Seltepa xpnotpomnolouvtal we ta Sedopéva pe Baon ta omola afloloyeital To HoVTEAO.
Kata tnv npooappoyn (fitting) Tou povtélou, o alyoplBuog emixelpel péow dadopwv
TEXVIKWVY BeAtiotomoinong (optimization techniques) va eAaxlotonoloeL tnv cuvaptnon
odaApatog (loss function). Me dAAa AdyLa, okomog ival n mpooapuoyrn Twv dtadopwv
TIOPOUETPWY TOU HOVTEAOU WOTE VA PELWOEL N amokAlon HeTafl TwV opLopATwY €060U
(output values) kot Twv THWV otoxou (target values).

MNa tnv enitevén tou mopamndavw TMoAANEG PopEC KplveTal avaykaia Kal n pudulon Twv
unep-napapétpwy (hyper-parameters) tou povtélou. Autég Sev €xouv cuaoyetilovtal pe
ta Sedopéva kabe mpoPAnuoatog¢ kat kabopilovtal akplBwg mpwv To otadlo TNG
eknaidevong. H eunelpia oe aAyoplOpoUC UNXavikng Hadnong ouxva ETUTPEMEL TOV
TOXUTEPO KOBOPLOWO TWV BEATIOTWY TLLWV TWV UTIEP-TIAPAUETPWY, XWPLE TNV amaitnon
TOA WV SOKLUWV.

Tehevtaio BApa ywo tnv avamtuén €vOoG HOVIEAOU HNXAVIKAG HABnong amoteAsl n
afloAdynon tTwv anoteAeopdtwy tou. Onwg £xel avadepOel mponyouUEVWE OTOXOG TOU
aAyopiBuou eival n ehaxlotomnoinon anmokALong HETALY TwV TTAPOYOUEVWYV TLLWV KAl TWV
debopévwy eléyyou (test data), péow NG mpooappoyn Twv Stadopwv MAPAUETPWY TOU
pHovTéAou. Ol HETPLKEG opaApatoc (error metrics) mopEXouv HLla TTOCOTIKN afloAdynon
TOU TOPATIAVW OTOXoU. MepLkaA amod ta Mo yvwotd £ival to Méoo AmoAuto IpaApa
(Mean Absolute Error — MAE), To Méoo AmoAuto Ixetikd IdpaAua (Mean Absolute
Percentage Error - MAPE), Méoo TetpaywVviko Idpaipa (Mean Squared Error — MSE), Pita
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Méoou Tetpaywvikol odpdalpatog (Root Mean Squared Error — RMSE). Exouv tnv
akOAouBn pabnuatikn popodn:

n
MAE = % Z |y, —3; |
= 2)

(3)

(4)

S =
™M =
=
|
=
j ——
[\*]

RMSE =

(5)

omou Yjopiletal w¢ n T mpoBAedNC EVW i N TTPAYUATIKI TLUN

EKTOC amo tov EAeyX0 TWV ATOTEAECUATWY TOU HOVTEAOU, LSLaitepa ONUAVTIKOG elval Kat
0 €\eyX0¢ TPOCAPUOYNC TOUC ota dedopéva. Tuxva, Eva eKTOLOEUUEVO LOVTEND Sev €XEL
TNV QMOULTOUEVN TTOAUTTAOKOTNTA WOTE VO OTTOTUTIWOEL OXEOELG TOCO OE UTIAPXOVTA 000
kal o€ véa bedopéva (underfit), epdavitovrag, wg cuVEMELQ, TTEPLOPLOUEVN XPNOLUOTNTAL.
Ze AAAEC TIEPUTTWOELG, apatnpeital e€alpetikn anddoon oe undpyxovia dedouéva Kal
pHeyalo obaApa o véa (overfit). AnAadr, To HovTtEAO €xel KaTtadEPEL va amodwoEeL OxL
HOVO TLG OXEOELG METAEL TwV PeTABANTWY aAAA Kol Tuxaia potifa mou epdavilovral ota
6ebopéva. H umtepBoAika Aemtopeprc mpooappoy tou ota dedopéva eAéyxou (training
data) 1o KkaBloTOUV avOmMOTEAEOUOTIKO o VvEéa Oedopéva. o Tov €AeyX0 TNG
TIPOCAPUOYNC TWV LOVTEAWV ota Sedopéva xpnolpomnolouvtal St1adopa OTATIOTIKA LETPO
(goodness of fit metrics), 6nwc¢ to R% Edapudletal oe poviéda moAvSpdunong Kot
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TapEXEL MANPodOopla OXETIKA HE TNV KkavoTnta MPOoBAeYng toug. Exel TNV akoAoubn
HoONpaTKr popodrn:

=

N

I

[

|
M=M=
S| e
II _“F‘)
VI\J UN

-
I
—

(6)
Omou Yy opiletal WG 0 HECOG OPOG TWV MIPOYHUATIKWY TLLWV

ExTipdel to mocootd Stakvpavong yla pla e€aptnuévn UeTaBAntTr) mou Umopel va
e€nynOel amnd to poviélo. Alohoyel tnv mpooapuoyn ota dedopéva, cuyKpivovtag Tig
TIAPOAYOUEVEG TIUEG TOU LLOVTEAOU LE TOV QVTLOTOLXO HECO OpO TNG METABANTAG. AapBavel
TIHEG amo 0 €wg 1, omou TN 1 onuaivel téAela mpooapuoyn ota dedopéva Kat OTL To
Hovtélo e€nyel OAn tn Slakvpavon mou epdaviletal ota dSedopéva.

3.2.2 Aévtpa Anodaong

Ta Aévipa Anodoaong (Decision Trees) amotehoUv €vav KAOOOWKO oAyoplBuo
ETMOMTEVOMEVNG MNXOVIKNG HAaBnong. Bplokouv edapuoyny tOc0 o0t mpoBAnuota
taflvounong (classification), 6co kat o poPAnpata naAvdpounong (regression), Omwg
oTNV MEPLMTWOoN TNG mapoVoog SUTAWMATLKIG EPYOCLag. XpNOLUOTIOLWVTAG ULa LEPAPXLKA
Sdoun Aappavel anodAacelg Pe Bacn ta XapaktnpLloTKa Twv dedopévwy eloddou (input
features). Ztnv kopudn Bpioketal o kOUPoC pila (root node) o omoiog Aappdvel urtoyn
TO oUVoAo Twv Sedopévwy. O adyoplBuog Slaxwpilel ta Sedopéva EMAEYOVTOG TNV TN
TOU XOPAKTNPLOTIKOU, N omoia armodEPEL TO UUKPOTEPO HECO TETPAYWVLKO odaipa (MSE)
ota urooUvoAa. Me autd Tov TPOMo SnUloupyoUvTOL Ol EcWTEPLKOL KOpBoL (internal
node), Ta kAadla (branches) Twv omolwv amoteAouv TG TOAVEC TIHEG TIOU UTTOPEL va
AdaBeL éva xapaktnplotiko (feature).
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Branch __

©
Yes No

Decision Node Decision Node

Ewkova 6: Aopr Aévtpou Antodaong (Mnyn: https://www.smartdraw.com/decision-tree/)

H napandavw dtadikaoia emavaAopBavetal LEXPL va LKOVOToLNOEel TO TEPUATIKO KPLTHPLO
TIOU €XEL OPLOTEL amMO TIC UTIEP-TIAPOUETPOUG TOU HOVTEAOU. 2e mpoPAnuota
maAwvdpopnong o alyoplBuog KataAfyeL 0TouG TEPUATLKOUG KOUBouG (leaf nodes), ntwun
TwV omoiwv anoteAel TV T mPoPAedng, n onola opileTal W 0 PECOG OPOC TWV TLUWV
OTOXOU UTIO TOU TeEPMATIKOU KOpBou. MNa tnv ekmaidbevon evog dévipou amodaong
amatteitol o KaBopPLoPOG KATIOLWY UTIEP-TIOPAUETPWV OTIWC:

=  Meéyloto BaBog (max_depth): To péyloto Babog tou dévipou. Opilel Tov GUVOALKO
apLlOuo Tov KOUPBwWV amo tnv pila (root node) €wg tov teppatikod koppo (leaf node).

= EAdyLoToC aplOpog Selypdtwy yia dtoxwplopo (min_samples_split): Me Baon tnv
TLUA TOU YiVETAL 0 SLOXWPLOUOC TwV KOUPBWV. Av €vag KOUBOC epLEXeL Alyotepa
Selypota amo TV TR TNG MOPAUETPOU UETATPETETOL OE TEPUATIKO KOUPO (leaf
node).

= EAQ)LOTOG aplOUOC SelypdTwy ava TepUATIko KOUBo (min_samples_leaf): Koupot
pe Alyotepa Selypata and tnv T TNE TAPARETPOU CUYXWVEUOVTAL PE AAAOUC.

= Méyloto¢ aplOuog xapaktnplotikwv (max_features): O péylotog aplOuog
xapaktnplotikwy (features) tov omoio AapPadavel umtoyPn o aAyoplBuog os kabe
KOUBO woTe va TETUXEL ToV BEATLOTO SLawPLoUO.
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= Tuxaia katdaotaon (random_state): H Siapopowon evog Sévipou amoddaong
xapaktnpiletal and tuxaldtnTa, EL6IKA OTAV CUVUTIAPXOUV LOOSUVAUEG KATA TN
Snuoupyia tou. Opilovtag TNV MAPAMAVW TIAPAUETPO UE Hia otabepn) Tun
eaodaliletal n emavoAnPuotnta tng SOUAG Kat TG anddoong Tou PovIEAouU.

MAgoveKTOTA TWV SEVTPpWV anodaong:

=  EukoAla amelkoviong Kot Katavonong Tou aAyopibpou toug.

= |SLaitEpO AMOTEAECUATIKA OE CUVOETA, 1N YPOUMLKA TipoBARaTa.

= Aéxovtal SLOKPLTEG KoL CUVEXELG LETAPANTEG.

= [opéxouv epyodeia ywa TNV aflohdoynon NG ONUAVIIKOTNTAG  TwV
xapoktnplotikwy (feature importance).

= EUKoAn avamtuén alyopiBuou kat uPnAn taxvtnta npoPAsPng.

Melovektripata Twv 6évipwy anddaong:

= [apouoialouv cuxva unep-mpocappoyn (overfitting) ota Sedopéva.

= H and navw mpog ta KAtw (top-down) MpocEyyLon MOV XPNOLLOTIOLETOL ATTO TO
oAyoplOuo pmopei va punv odnyet mavta oto BEATioto dévipo anddaong.

= [oapouoctalouv aotdBela. AlopopeTikEG popdeg dévipwv oxnuatilovral amnod
HKPEG aAAayEG ota SeSopéval.

=  AuokoAla QMOTUNMWONG OXECEWV METALY TWV UETAPBANTWVY O MPOPBANUATO TTOU
eudavilouv ypapukoTnTa.

3.2.3 Evioxupéva Aévtpa Anodpaong

Ta dévipa anodaong anoteAoUv Eva XPrOLUO KOL LOXUPO aAyOpLlOUOo UNXavIKAG Labnong,
KatdAAnAo ylwa tnv emnidvon mAnBwpag mpoBAnuatwy. Meplkol amd Toug mopaAnavw
TIEPLOPLOUOUG UIMOPOUV VA AVTLLETWIILOTOUV cuvdualovtag Tov aAyoplopo twy SEvipwy
anodaong pe pebodoug ouloyikng pabnong (ensemble learning), Omwc n TEXVIKA TNG
evioxuong (boosting). Mwa edappoyn autol eivat o alyoplBuog Gradient Boosting
Decision Trees (GBDT). Baolkd Souiko otolyeio Tou amotelel To Sévrpo anodaong. Me
Vv texviki Gradient Boosting BeAtiwvetal n wkavotnta nmpoBAsdng pe tn dtadoyikn
npooBdnkn Aévtpwv Anodaong oto povteAo. O adyoplBuog anoteAeital apyka anod éva
pHovadiko Aévtpo Anddaonc. ZTnv cuvéxela elodyovtat Stadoxika véa Sévtpa anodacng
TIOU €XOUV WG O0TOXO TNV OAO Kal KAAUTEPN Tpooapuoyn ota dedopéva. Ta véa Aévipa
Anodoong amookomoUV oTtnV OomoTUMWOoNn HOTBwY mou dev eviomiotnkov amo Tt
TiPoNyoUHEVA KOl TNV gAaxlotomnoinon t¢ cuvaptnong odpaipatog (loss function), ue
UTTOAOYLOUO TNG MEPLKAG TIOPAYWYOU TNG. Mo TNV cuvaptnon opaApatoc os pofAnpata
maAwvdpopnong cuvnBwE XpNOLLLOTIOLEITAL TO HECO TETPAYWVIKO odaApa (MSE). Ot TLpEG
TMPOPAEPYNG TWV VEWV SEVIPWV EVNUEPWVOUV CUVEXWG TA TEAIKA ATIOTEAECUATA UE EVAV

28



ouvteAeotn Baputntag, o onoiog e€aptatal and Tov pubuod ekpuadnong tou alyopiBuou
(learning rate).

H Stadikaocio emavohapBavetal HEXPL VO LKOVOTIONBOEL TO TEPUOATLKO KPLTHPLO TIOU €XEL
OPLOTEL ATTO TLG UTTEP-TIAPAUETPOUG TOU LOVTEAOU. TO TEALKO QMOTEAECHA EVOG LOVTEAOU
GBDT mapayetal abpoilovtag TG TMPoPAEPEL OAWV TWV HEUOVWHEVWVY SEVTPpWY
anodaonc. H ouvelodopad kabe véou Sévtpou pubuiletal pe tnv epappoyn Tou pubuou
ekpabnong (learning rate), onwg avadépbnke mponyoupévwe. MNa TNV avamtuén evog
oAyopiBuou GBDT amaltteital o KaBopLOPOC KATIOWWY UTIEP-TIAPAUETPWY UEPLIKEG ATIO
OUTEG elval:

AplBuocg ektiuntplwyv (n_estimators): O aplOUOG TWV UEHOVWUEVWVY SEVTIPWV
anodaong mou Ba cupmnepiAndBoUlv oto cuvolo (ensemble).

PuBbuog ekpabnong (learning_rate): PuBuilel tnv cuvelopopd kabBe Sévipou
anodpaong oto TEAIKO AMOTEAECUAL.

Meéyioto BaBog (max_depth): To péyloto Babog tou §€vtpou. Opilel Tov GUVOALKO
0apLOu6 tov KOUBwWV amo tnv pila (root node) £wg Tov tepuatiko koppo (leaf node).

Data Weighted Data Weighted Data Weighted Data
! ®e | ®ee.0 ig®®
o o ,.° i

Decision Tree 1 Decision Tree 2 Decision Tree 3 Decision Tree K
{Weak classifier) (Weak classifier) (Weak classifier) {Weak classifier)
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S~ ~ ’ -’

- . ’ P
s N . -
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TeelLA ~ ’ s
~~icti, K N pred -

TS % &’ -
bl ) ’ -
wL ~ X S
S~ N, ’, -

"X i) ’ -

-~ B -
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AN L

Ensemble Prediction
(Strong classifier)

Ewkova 7: Aopr Evioxupévwy Aévtpwv Anodaong (GBDT) (finyn: Deng et al., 2021)
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MAeovektrpota GBDT:

= MeyaAUtepn anodoon Kat akpifela anoteAeopATwY o€ oXEon e AAAOUG amAoUg
aAyopiBoug Hnxavikng padnong.

=  Metplalel tov Bopufo (noise) twv dedopévwy, divovtag Bapltnta oTa CWOTA
talvounpuéva dedopéva.

= |Slaitepa AMOTEAECUATIKA O CUVOETA, 1N YPAUUKA TtpoBARHaTAL.

= KatdAAnAa yia mpoPAnpata taglvopnong Kot maAvépounong.

= [opéxouv epyadeia ywa TNV afloAdynon TNG ONUOVIIKOTNTOG TWV
xapoaktnplotikwy (feature importance).

= JXETIKN EUKOALQ KOTAVONONG TOU HOVTEAOU, OTWG OTNV TEPIMTWON TWV SEVIPpWV
anogaong.

Melovektiuata GBDT:

= [apouoialouv cuxva unep-mtpocappoyn (overfitting) ota dedopéva, l81ka otnv
TepUMTWOon mou xpnotpomnotovvral Bablég dopeg Sevtpwy anddpaong Kot TOAAEC
enavoAnyeLg.

=  H Kat@AAnAn puBULON TWV UTIEP-TIAPAUETPWY OMOTEAEL Kplowo Brpa yla tnv
eMiTEVEN LKAVOTIOLNTIKN AmOdoong.

=  Xapaktnpilovtal amd uPnAd UTMOAOYLOTIKO KOOTOG OE TEPUTTWOELS HEYAAWV
Baoewv dedopévwy kal Babuwv dévipwyv anddaong.

= [opotLnapexouv mAnpodopia mou cCUUBAAAEL OTNV KATAVONON TOUG WG LOVTEAQ,
napapévouv o duovonta os oxéon e Ta Sévrpa anddaong kabwg anoteAovv
ouvoAo (ensemble) povtéAwv.

3.3 2uvaptnoelg Doptou-Kabuotépnong kat BPR

O xpovocg dladpopng amoteAsl Baoiko KPLTAPLO yLa TNV amodacn POy UOTOTOWNoNG HLOG
HETAKivnoNng o€ éva 061kd cuotnua. Tautoxpova, e€aptatal Aueca anod Tnv kukAodopia
€VOG 081koU TuApaToC. MNa tnv neplypadni autou tou dalvouévou €xouv avamtuxBel ot
ouvaptnoelg optou-Kabuotépnong (Volume Delay Functions — VDFs). Eupgwg yvwoTn
elvatl n ouvaptnon BPR (Bureau of Public Roads Function), n omoila avantuxBnke anod tnv
Ynnpeoia Anpooiwv Ob6wv (Bureau of Public Roads), vuv Opoocmovdiaky Aloiknon
Autokivntodpopwyv (Federal Highway Administration) tn dekaetia tou 1960 wg HEPOC TOU
Eyxepdiov Kukhodoplakng Ikavotntag (Highway Capacity Manual). Mpokettat ya
pHoBnuatiki cuvaptnon oL onoia replypddel to eninedo ocupudopnoNng 0SIKWV TUNUATWV
eKPPOOUEVO WC XPOVIKA KaBuotépnon, ue Baon tv petafoAn) tou kukAodoplakou
doptovu.

Ztnv Zxéon (1), n mapauetpog a tng cuvaptnong BPR ekdpdlel tov Adyo tou xpdvou
HETAKivnong o ouvOnkeg eAeUBepng Pong TPOC TOV QVTIOTOLXO XPOVO O CUVONKEC
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HEYLOTNG KukAodoplakng kavotntag. Evw, n mapauetpog B ekdpalel tnv taxvutnta
HEeTaBoAnNG and ocuvbnkeg eAeUBepng pong oe cuvOnkeg KukAodoplakng cupdopnong.
MeyaAUTEPEC TIUEC TNG TTAPAUETPOU B CUVETIAYOVTOL ULKPOTEPN XPOVLIKN KaBUOTEPNON OE
ouvOnkeg xapunAwv kukAodoplakwv ¢optwv (Mahdi et al., 2022; Pan et al., 2022). Auto
€XEL WG ATIOTEAECHA TNV LN £YKALPN ovayVWELoN KUKAODOpPLAKAG oL UPOpNoNG.

H petaBAnti T# ekdpalel tov xpovo Slavuong Tou odIKOU TUNHUATOG O OUVONKEC
eAelBepnc pong. OL ouvBnkeg eAelBepng pong xopaktnpilovral amd XaunAoug
KUKAOGOopLaKOUG GOPTOUC KaL TAXUTNTEC, OL omoieg kaBopilovtal Lovo amo TI¢ EMBUULES
TwV 06nNywv, Ta KABOPLoHEVA OpLa TOXUTATWV KL TLG ETIKPATOUOEG 00LKEG ouvOnKeg. OL
€vvoleg TNG KukAodoplakol poéptou (VA Q) Kaltng kukAodoplakng tkavotntag (C) Exouv
avamntuxbel og mponyoupeva kedpaAala.

210 Alaypappa 3 anelkoviletal n oxéon xpovou dladpopng kat KukAopopLakol poptou
OMw¢ Teplypadetal and tnv padnuatikrn cuvaptnon BPR.

'

0 Qpc q

Aldypappa 3: Aldypappa ¢opTtou-Xpovikng kabBuotépnong Tng ocuvaptnong BPR (Mnyn:
Maerivoet & De Moor, 2005)

3.3.1 M£Bo60o¢ eAaxloTwyV TETPAYWVWV

H péBobdog EAaxiotwv Tetpaywvwv omoteAel €UPEWCG YVWOTH TEXVIK yla TNV
BeAtiotonoinon ouvaptioewv. Zuykekpluéva, N PBiBAodAkn SciPy tng yAwooog
Tipoypappatiopol Python, kdavel xprion tou aiyopiBuou Levenberg-Marquardt yiwa tnv
KATAAANAN TpoOmomoincn Twv TOAPAUETPWY HLAC OuvAPTNONG, HME OKOMO TNV
ghaylotomnoinon tou aBpolopaTog TOU TETPAYWVIOUEVOU EVATIOUEVOVTOG ODAAUATOG.
AdoU opLOTEL N AVTIKELMEVIKN cuvaptnon S, divovtal apXIKEC TLUEG OTLC TTAPUUETPOUC.
TNV CUVEXELD O OAYOpLOUOG UToAoYilel EMAVAANTTIKA TNV TIUA TNG QVTLKELUEVIKAG
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ouvaptnong S yla To ocuvolo twv dedopévwy, petafarlovtag KATtAAANAA TLG TIUEG TwWV
napapétpwyv. H Sladikaoia otapata otav péyebo¢ Twv HETABOAWV OTNV TWUN TNG
OVTIKELUEVLKAG OUVAPTNONG Kal TwV {NTOUPEVWY TIOPAUETPWY SeV gival onuavtiko. Qg
napadelypa, otnv MEPMTWoN TG ouvaptnong BPR, Baolkdg otoxog eival n gvpeon
KATAAANAWY TLUWV TWV TTOPAUETPWY a Kal B. H avtikeluevikr ouvaptnon S Ba €xeL tnv
€§nG popdn:

S(a,B) = Xiq(Topsi —T) (7)
omou:

n = TA6o¢ dedopévwv

Tobs,i = TIPOYHUATIKEG TLLEC XPOVOU SLadpOounG

T = TLuéG XpoOvou Sladpoung mou umoloyiotnkav e Tnv cuvaptnon BPR (1)
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KepaAaio 4

ZuMhoyn kal enegepyacia oToXelwv
4.1 Elcaywyn

Y€ aUTO To Kepahalo yivetal eme€nynon tng cUAAOYNG Kal eEMe€epyaciag oTolelwy mou
ATOV amapaitnTa yLa TNV EMITEVEN TOU OTOXOU TNG €pyaciag. AKOUA, TapouoLaleTal n
Stadkacio epapuoynG Twv aAyoplBuwy pnxavikng pabnong Katl tng cuvaptnong BPR
ota Oebopéva. MNa tnv avamtuén twv alyopilBuwv xpnowwomowibnke n yAwooa
npoypappatiopol Python oe mepiBdaAlov Jupyter Notebooks.

4.2 2uM\oyn otolxeiwyv

MNa tnv eknaidevon Twv LOVTEAWV Xpnotpomnolionkav dedopéva xpovwy dLadpoung Kat
dOpTWV OXNUATWV. JZUYKEKPLUEVQ, €TUAEXONKkav OUO onuela ent tng Aswdopou
Ale€avdpag oto kEvtpo tng ABrvacg, omou Bplokovtal eykateotnuévol pwPaTEC UTTO TOU
odootpwuatog. H andotaon petall Twv Pwpatwv eival mepimou 2.3km (2282m). O
dwpatn¢ He ovopaocia MS423 €xel TIC aKOAOUBeG YeEWYpPOPLKEG OUVTETAYUEVEG:
(37.98706952, 23.75875395), v 0 dwpatric MS407: (37.9914926, 23.73333264).

> h LN joro

e NEAPOLI" S
# NEAMOAH

LRV Pl A

Ewkova 8: O8WKO TNUa UTIO HeAETn TG A. AAe€avdpag

Ané Baocelg Sedopévwv tou E.M.M. avtAnBnkav, yla Toug mapomavw Gwpateg, Ta
Sebopéva dopTWV oxNUATWY ava pia wpa yia 80 nuépes. OL 80 NUEPEC LeETPoEWY Sev
Atav ouvexeic. EmMAéxBnkav Staotipoata 20 NUEPWV yLa KABE prva amo to AsképPplo Tou
2022 £€wg tov Maptio tou 2023, 61ou ot dwpateC Kateypadav opaAd dedopéva, xwpic
kamota BAGBN. 2tov Mivaka 2 mapouotalovtal ol akpLBelC NUEPOUNVIES TwV KaTaypadwV
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TIoU Xpnotomnolndnkav, evw o MNivaka 3 mePLEXEL XPr O OTATIOTIKA oToLXela TNG BAong
S6e60UEVWV TWV GWPATWY HE TIG KATAYPOAPEG OXNUATWV:

Mivakog 2: Huepounvieg kataypadng Sedopévwy

1 AskepPpiov 2022 €wg 21 AskepBpiov 2022

6 lavouapiov 2023 £wg 26 lavovapiov 2023

1 ®eBpouvapiov 2023 éwg 21 DePpouvapiov 2023
6 Mapiou 2023 £wg 26 Maptiouv 2023

Mivakoag 3: ZTATloTKA PETpa SES0UEVWVY KUKAODOPLOKOU HOPTOU

MS407 MS423
nAnSoc¢ 1848 1848
UEOOC 0pOC 769.34 838.55
dlausoog 924 1000
T. QIOKALON 319.23 380.96
gAayioto 10 7
UEYLOTO 1365 1520
25% 513 520
50% 924 1000
75% 1013 1144

MNa to umo e€€taon odko tuApa tng A. AAe€avdpag petall twv Svo dwpatwy,
aflomowBnkav Sedopéva xpovwv dadpoung amd v edpapuoyn Google Maps. Ta
Sebopéva avtAndnkav and tnv wotoosAida https://outscraper.com yia ta St Xpovikd
SlaotApoTo HE TApOMAVW oava pia wpa. EKTO¢ amd Toug TpayuaTtikoUg XPOVOUug
Stadpopnc (duration) ava wpa to dedopéva mepleiyav Kal To €UPOC EKTIUNONG TOU
xpovou Stadpopuns we dUo TIHEG Slapkelag, pa eAaxlotn ektipnon (duration_min) kot
pio péylotn (duration_max). OAa ta dedopéva xpovwv Sladpoung Atav o€ Aentd. Ztov
Mivaka 4 mapouctdalovtal XpAoLULa OTATIOTIKA otolxela tng PBdaong dedopévwv Twv
XPOVwV SLadpopnc.
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Mivakog 4: ITATIOTIKA PETPO SESOUEVWV XpOVOU SLASPOUNG

duration(minutes)

nAnSog 1848
UEOOG 0pOG 6.29
dlaueoog 6
T. QnokALon 2.04
gAdytoto 4
UEYLOTO 12
25% 4
50% 6
75% 8

4.3 Aloapopodwon dedopgvwy

OL mapamavw Baocslg Sedopévwy yla Toug Xpovoug Sadpoung Kol toug $poptoug
oxnUATwv £mpemne va amaAAoxbolv and AaBn kat KEVEG TIHEC. Ol YPAUUEG OAWV TWV
Bacewv dedopévwy omou anoucialav TIHEG, ayvonbnkav evieAws. Me tov i6lo Tpomo
OVTLUETWIOTNKAV Ol EAAXLOTEG YPOUUEG Omou eudaviloviav AavOaoUEVEG TIUEG. ITNV
OUVEXELA oL SU0 BACELG CUYXWVEVTNKAV OE pLa e OAa Ta amapaitnta SeSopéva xpovwy
Sladpopung kat ¢popTwy, OTOLXLOMEVA KOTAAANAQ ova wpa Kal nUEpounvia, ta omola
amnelkovilovtal otov MNivaka 5.

Mivakog 5: Baon 6edopévwv

datetime_utc  duration(minutes) MS407 MS423
12/1/2022 2:00 4 193 146

12/1/2022 3:00 4 126 97

12/1/2022 4:00 4 136 101
12/1/2022 5:00 4 280 248
12/1/2022 6:00 4 657 735
12/1/2022 7:00 5 1012 1216
12/1/2022 8:00 6 1099 1289
12/1/2022 9:00 7 1028 1122
12/1/2022 10:00 8 985 1316
12/1/2022 11:00 8 1009 1145
3/26/2023 12:00 6 925 966
3/26/2023 13:00 6 994 1051
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3/26/2023 14:00 7 1010 1128
3/26/2023 15:00 6 900 1051
3/26/2023 16:00 5 870 959
3/26/2023 17:00 5 910 982
3/26/2023 18:00 5 937 1160
3/26/2023 19:00 6 939 1119
3/26/2023 20:00 6 934 1113
3/26/2023 21:00 6 881 994

4.4 Enegepyaoia dedopevwv

Mpwto BrAua ya tnv enefepyoocia dedopévwy anotéleoe n eykataotacn BLBALoOnkwyv
oto nepBaArlov Jupyter Notebook, oL omoieg eival amapaitnteg yia 0Aeg Ti¢ Stadikaaoieg
avAayvwong Kot tpomomnoinong twv dedouévwy, TNV avantuén Twv PoviéAwy, Kabwg Katl
™V afloAdynor toug. OpLloPEVES amo auTEC TLG BLBALoOAKeC cuvoilovTal MoPaAKATW:

NumPy: Mia BLBAoBrkn Python avotytou kwdika ylo aplBuUnTIKES KAl BACLOUEVEG
oe TIVOKEG AELTOUPYIEG, TIOPEXOVTAC OUTTOTEAECUOTIKA EPYAAsia ylo TN
Snuoupyia, TO XEWPWOMO KAl TNV EKTEAECN MAONUATIKWY TIPAEEWV OF
TIOAUSLACTATOUC TIIVOKEC KOl TIVAKEG.

SciPy: BIBAL0ONkn tng Python n omola enekteivel Tig¢ Suvatotnteg tng NumPy yla
ETUILOTNOVIKEG EPYOOLEG, TAPEXOVTAC EPYAAELD OTATIOTIKNG, YPOUULKNG AAYERPOG
K.QL.

Pandas: Mia BiBAloBnkn Python avolxtol kwdlka yla XEPLOUO KoL ovAAuon
Oebopévwy, mou TpoodEpel  OopEC Kal Asltoupyieg  Sebopévwv  yla
OTTOTEAECLLOTLKO XELPLOUO Kol ovAAuon Sopnpuévwy SeSOUEVWY, OTIWC TILVOKEC, UE
®WALKO TIPOC TOV XPrOTN TPOTO.

Scikit-learn: Mia BLBALOOAKN UNXOVIKAC LABNoNG avolxtou kwdika yla tnv Python
TIOU TIOPEXEL éval eLPU paopa epyaleiwv kal aAyopiBuwv yla epyaocieq omwg
taflvounon, maAwdpouncn, opadomoinon kot  afloAdynon  HOVIEAWV,
KaBloTwvTtag TNV MOAUTIUN TtNyR yla Tt dnuloupyia Kal tTny avaAuon UOVTEAWV
HNXaViKAG Labnong

Matplotlib: Miwa Stobiaotatn BLPAL0ONKN oxediaong mou XpNOLUOTIOLELTAL VLA TN
Snuoupyla ypadnudatwy otn YAWooo TPoypappotiopol Python.

MNa g Stadikaoieg mMpoPAedng moOU EMIXEPNOOV TA HOVIEAQ HNXOVLKAG LABnong otnv
OUVEXELQ, LOlaitepa onuavtikn Kpivetal n yvwon tou Babpol cuoxEtiong Twv Sedopévwy
Xpovwv dtadpoung kat ¢poptwv oxnuatwy. YPnAn cuoxétion Petafl SUo petafAntwy
ouvnBw¢ amoteAel €velén OtL n pia mBavov va pmnopel va xpnotpomnolnbel wg péco
npoPAePNG yla tnv aAAn. Me t BBAL0BNRkn Pandas mou avadépbnke mponyouuévwg,
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umtoAoylotnke eUKOAQ O CUVTEAEDTNG OUOXETLONG Pearson PeTafl Twv PETABANTWY TNG
Baong dedopévwy. 2to Adypappa 4 amnelkoviletal o BabBuog cuoxETLONG TOU XPOVOU
Stadpopng pe tov kKukhodoplakd ¢opto yla kabe dwparti. Evw oto Aldypoppa 5
amnelkovilovtal pe HeyOAUTEPN AETTTOUEPELD OL TLUEG TOUG otnV Bacn deSopuévwv.

Correlation Heatmap for Travel Time and Traffic Volume

1.00

Travel Time 0.95

Traffic Volume (MS407) 0.72

Traffic Volume (MS423)

-0.90

.

-0.85

-0.80

-0.75

0.65

Aldypappa 4: OpULKOC XAPTNG cUOXETLIONG GOpTOU-XPOVoU SLaSPOUNG
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Correlation Scatterplot with Regression Line

1600 -

1400 -

1200 A

1000 A

800 A

600 -

Traffic Volume (vehicles/hour)

400

8 °
200 -
®© MS407
0 - MS423
4 5 6 7 8 9 10 11 12

Travel Time (minutes)
Aldypappa 5: Alaypoppa Stacmopdg poptou-xpdvou SLadpoung

Ao ta mapamavw Slaypappata TTPOEKUYPE OTL N CUCXETION Twv UETOPANTWVY ival
OPKETA KOAN, ouvenw¢ n Stadikacia Atav duvatd va MPOoXwWPHOEL OTO OTASL0 TNG
POPBAEYNG TLUWV.

Emépevo BApa TPV TNV KOTOOKEUN TWV HOVIEAWV HNXOVIKAC MABnong eivat o
EUMAOUTLOMOC Kal N TeEAKN Stapopdwoaon tng Baong dSedopévwy. MNa va kataotel Suvatn
n evupeon poTBwv ota dedopéva yivetal n emhoyr] €vOG UTTOCUVOAOU OXETIKWV
xapaktnplotikwy (feature selection) pe Baon ta onoia o aAyoplBuog Ba katnyoplomolet
ta 6edopéva. O oTtOXOC TNG EMAOYAG XOPAKTNPLOTIKWY OTNV UNXAVIK Hdbnon eival n
KaAUTepn pooapuoyn Twv dedopévwy oto MpoPANUa, evtomiloviag Kal amoppimtoviag
EKElVOL TA XOPAKINPLOTIKA TO omola mapéxouv mepltti mAnpodopia. Emopévwg,
Snuoupynbnkav Ta aAmapoitnTta XOPAKINPLOTIKA, Ta omoia Kpibnkav kava va
nieplypadouv KaAUTEPA TNV OXEon HETAEL XpOVWV SLadpoung Kal GopTwv oxnNUATWY,
emupEpovtag £va amodektdo opaApa mpoPAedng oe kaBe mepimtwon. TEAog, Ta
XOPOAKTNPLOTIKA AUTA TtpooTtEOnKav otnv teAikn Baon dedopévwy. AkoAouBel o Mivakag
6 LE TOL XOPAKTNPLOTIKA TIOU XpnoLomno)nkav.
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Mivakag 6: Xapaktnplotika (features) LOVIEAWV HUNXAVIKAG LABNoNg

Weekday AapBavel Tiun 1 yua tig kabnuepveg kat 0 yia to ZaBBatokuplako
AapBavel T 1 ya tnv mpwivy wpa axpng (8:00 - 11:00), 2 yia tnv
Rush_hour OTTOYEULLOTLVI) wpa atyUnG (15:00 - 19:00) kot 0 yior OAeG TIG AAAEC WPEC
NG NHEPQ.
JuVSUAOUOC TWV 2 TOPATIAVW XOPAKTNPLOTIKWY. Ma TG KaBnUepLVEG
W+R2 AapBavel TipéG 1 R 2 avaAloya Thv wpa aUne. MNa to ZapBatokuploko

Aappavetl tnv T 0 avefaptTwe TS WP APATHPNONG.
H Stadopad tng LEYLOTNG KOL TNG EAAXLOTNG TLUNG TOU XPOVOU SLaSpounG

min_max TIOU Tlapeixe wg ektipnon n ebappoyn Google Maps (duration_max —
duration_min).
diff H Stadpopd SUo cuvamtwy THwY Xpovou SLodpoung.

Onwg €xeL avadepbel mponyoupévweg, oToxog TNG epyaciag eival n mpoPAedn THwWV
XPOVWV SLadpoun Kal GOPTWY OXNUATWY PE aAyopiBuoug unxavikng padnong (Decision
Tree Regressor, GBDT). H kataokeur twv alyopiBuwv oe kaBe mepinmtwon mpoPAePng
Atav mapopola. Mpodavwe yla tnv nepimtwon tng mpoBAedng optwv oxnUATWY T
6edopéva Twv pwpatwv MS407 kot MS423 anotélecav Tov otoxo npoPAedng (target)
evw Tta dedopéva Twv Xpovwv dtadpoung To oplopa eloddou (input) otoug alyoplBpoug.
Itnv nepintwon ¢ npoPAePng xpovwy dtadpoung mpayuatonolndnke to avriotpodo.
Ta umodouna xapaktnplotika (features) mou xpnowdomolBnkayv yla tTnv avamtuén twy
aAyopiBuwv og 6Aa Ta oevapla NTav tapopoLa Kot avaypddovtal mapandvw.

AtileL va onuelwBel OtL KaTA TNV avanmtuén Twv HoVTEAwV MpoBAedng dokipaotnkay
Stadopa xapaktnplotika (features) kat cuvduacopol toug, wote va pokUPEL n BEATLOTN
tkavotnta poPAedng. Ztnv nepimtwon ¢ mpoPAedng xpovwy dtadpoung o alyoplduog
AelToUpynoe EMUTUXWG, XWPIG va xpeLaotouv TIOAAEG SOKLUEG. Ta HOVIEAQ Ttapryoyav
amobekto opaipa npoPAednc kal kaAn mpooappoyn ota dedopéva, e KATOLA Ao T
XOPOAKTNPLOTIKA TIOU avadEPOoVTaL MAPATIAVW. ITNV EPLMTTWon TS MPOPAedng popTtwy
OXNUATWV OAOL Ol CUVOUOOUOL XOPOKTNPLOTIKWY TIOU SOKIHAOTNKAV OIETUXOV Va
emPEPOUV TO €MOUUNTO QMOTEAEOMA. TNV pelwon tou odalpatog TpoPAsdng
ouVEBOAE onUaAvTKA n opoAoroinon Twv dedouévwy Twv Goptwv oxnUATwy otnv Bacn
Sebopévwy. Yriohoyilovtag tov AoyaplOpo Twv GopTtwy oxNUATWY, EIXE W AMOTEAECUA
™V pelwon tng Slakupovong Twv TWWV. AUTH N TEXVIKN XPNOLUOTOLETAL CUXVA Of
HOVTEAQ HNXOVIKNG HaBnong, kabwg oplopévol alyoplBuol ival wWblaitepa evaiobntol
oTNV KAHOKA TwV TILWV TToU KaAouvtal va emefepyactouv. 2tov Mivaka 7 epdavilovral
OL TIHEC TOU HOPTOU PETA TNV opalomoinon.
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Mivakog 7: Baon 6e6opévwy HeTA TNV opaomoinon

datetime_utc duration(minutes) logMS407 logMS423

12/1/2022 2:00 4 2.286 2.164
12/1/2022 3:00 4 2.100 1.987
12/1/2022 4:00 4 2.134 2.004
12/1/2022 5:00 4 2.447 2.394
12/1/2022 6:00 4 2.818 2.866
12/1/2022 7:00 5 3.005 3.085
12/1/2022 8:00 6 3.041 3.110
12/1/2022 9:00 7 3.012 3.050
12/1/2022 10:00 8 2.993 3.119
12/1/2022 11:00 8 3.004 3.059
3/26/2023 12:00 6 2.966 2.985
3/26/2023 13:00 6 2.997 3.022
3/26/2023 14:00 7 3.004 3.052
3/26/2023 15:00 6 2.954 3.022
3/26/2023 16:00 5 2.940 2.982
3/26/2023 17:00 5 2.959 2.992
3/26/2023 18:00 5 2.972 3.064
3/26/2023 19:00 6 2.973 3.049
3/26/2023 20:00 6 2.970 3.046
3/26/2023 21:00 6 2.945 2.997

ZTNV CUVEXELQ YlO TOV UTTOAOYLOMO TWV HETPIKWY OHAAUATOC TWV MOVIEAWV OL TLUEG
doptou MPOPAEYPNG HeETATPATINKAY TIAAL OTNV apxkn KAlpoka. To opaApa tpoBAedng
ToUu Hovtéhou Oev édtaoce oe emBupntd emimedo akKOpA KAl HE TNV TAPATIAVW
Stadkaotia. Mo TNV MEPALTEPW HEIWON TOU OPAALATOC TIPOYLOTOTIOW|ONKE aPXLKA HLal
OTATLOTIKN avaAuon tng Baong Sedopévwy. YIToOAoyioTnKe 0 LECOG OPOC TWV POPTWV TWV
dwpatwv MS407 kot MS423, kaBwg OMwC €yVe QAVIIANTITO KOl OO TO Slaypappo
Staomopdg (BA. Aldypappa 5) oL TLUEG Toug otnV Bacn dedouévwy ival mTOVOUOLOTUTIEG.
‘Emetta, katnyoplomolOnke yla OAeg TG SLadOPETIKEG TLUEG TOU XpOVou SLadpoung mou
eudavilovrat otnv facn dedouévwy Kal UTIOAOYIOTNKAV TOL OTATLOTIKA PETPA TOU MNivaka
8.
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Mivakog 8: ITATIoTIKA PETpO LEGOU KUKAOdOopLakoU GpOpToU avd TLr Xpovou SLadpopng

du.ration MABoc  Atdpecoc IV’Iéooq ET[le(ltf)l:!o‘d. Tl{T[lKﬁ EAdxu’:rtn Me’vu'rtn
(minutes) 0pog T anokAwon TN TN
4 496 280.75 334.1724 120 213.0493 0 9
5 295 737.5 780.1237 560 263.8538 0 23
6 279 1031 1000.729 1080 153.0015 8 22
7 249 1063 1054.404 1080 82.15209 9 22
8 220 1057.75 1036.739 1000 96.47023 9 21
9 177 1041.5 1032.034 1080 83.23523 11 20
10 96 1040 1042.26 1040 69.13252 12 19
12 36 1045.25 1034.417 1136.5 119.5761 15 16

ITNV GUVEXELO UTIOAOYLOTNKE TO OTATLOTIKO PETPO Z-Score yla To oUVOAO Twv SeSopuévwy,
10 omoio ekdpalel TOOEG TUTILKEG QTIOKALOELG QUTTEXEL LA TLUF QIO TOV HECO 0pO. Na KABe
TLUA Tou Xpovou Sladpoung kataypddnke to MANBOG TwV MAPATNPNCEWVY TTOU aTElxav
TeEPLOOOTEPO Ao 1, 2 Kol 3 TUTILKEG ATTOKALOELG KOlL ETIELTA UTIOAOYLOTNKE TO TTOGOOTO TOUG
£€VaVTL TOU CUVOAOU TWV TapaTNPOEWY TNE KATnyopLoag.

Mivakag 9: Z-score pécou KukAodoplakoU ¢pOpTou ava TR xpovou SLadpoung

duration
(minutes)

|z|>1 |z]|>1 (%)
157 0.32
120 0.41
72 0.26
45 0.18
34 0.15
32 0.18
30 0.31
3 0.08

18

|z]|>2

|z]|>2 (%)

0.036
0.017
0.036
0.040
0.059
0.040
0.063
0.056

6

= = W u b~ Ul O

|z|>3

1z]>3 (%)

0.012
0.000
0.018
0.016
0.023
0.017
0.010
0.028

TéAog, oto Aldypappa 6 amelkovilovial oL WPEC TNG NUEPAC TIOU Tapatnpeital kabe
SlapopeTikn TN Xpovou Sladpopn Kabwe Kal N cUVOALKOG aplBUOC mapatipnor g TOUG
¢ otnv Baon deSopévwy.
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Scatter Plot of Duration vs. Hour of the Day
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Aaypappa 6: MARBo¢ mapatnproswyv SLUPOPETIKWVY TLLWV XPOVOU SLadpoun yia KABe wpa TG
NHEPOG

Amoé ta mapandvw cupnepaiveTal OTL XaUNAECG TIUEG Xpovou Sadpoung dnuloupyouv
npoPBAnuata otnv mPOoPAedn TwV HOVTEAWV. JUYKEKPLUEVA, OL TIUEG KUKAOGOPLAKOU
doOpToU TOU avtloTolXoUV ot xpovo Sladpoung 4 kat 5 Aemtwv epdavilouv tnv
pueyaAutepn Stakupovon. Evw amd tov UoAoylopo Tou z-score yIVETal avtiAnmto OTL
KOATEXOUV ONUAVTIKA HEYAAUTEPO TTOCOOTO TIUWV TIOU QTEXOUV TIEPLOCOTEPO Ao Uia
TUTUIKN artokALon (|z|>1) oo tov péco 0po, TaPOAO TTOU N TUTILKA ATTOKALON O€ QUTEG TLG
TIMEG elval KaL n HéyloTn. MNa TNV avileTwrion Tou mpoBAnuatog adalpébnkav anod tnv
Bdaon dedouévwv OAeG oL kataypadEG yla TIG LETOECOVUXTLEG WPEG aro Tig 00:00-3:00,
OTIOU TOPATNPOUVTAL OTMOKAELOTIKA Xpovol Stadpoung 4 kat 5 Aemtwv. Emiong,
adalpébnke poOvo TO AMOAUTWE amapaitnto mMARBo¢ TlHwv yla thv eéaodalion
anodektol opaApartog mpoBAsPnc (MAPE <20%) kot KOANG TiPOCOPUOYAC ota dedopéva
(R? >0.6), wote va amodeuxBei n umepBoAkly cuppikvwon TNG apxkAc PBAaong
Sebopévwv.

4.5 AnoteAéopata
Kata tn Sladilkacia mpoetowuaociog €ywve tuxaiog Slaxwplopds twv SelypdTwy e
1mooooto 80% yLa tnv ekmaidbevon twv HovtéAwv (train set) kot 20% yla tn SOKLUA TOUG

42



(test set). OL umep-mapdueTpol ylo KABe HoviéAo Kal kaBe oevaplo mpoBAedng
napovatalovtat otov MNivaka 10.

Mivakag 10: Yrep-napapetpol (hyper-parameters) LOVIEAWV UNXAVIKAG LABNoNg

Ynep-mapaeTpOL Aévipa Anodaong
NpoPBAedn Xpovou Awadpounc MNpoBAedn KukAodoprakol ¢pdoptou
max_depth 8 10
min_samples_split 6 2
min_samples_leaf 3 2
GBDT
NpoPBAedn Xpovou Awadpounic MpoBAsdn KukAodoprakol ¢poptou
n_estimators 100 100
max_depth 8 8

Meta tnv eknaibevon omolwoudnmote HovtéAou TPOBAsedng, amatteitol €va PETPO
a€LoAOYNONC yLa TG TIUEC TIPOBAEYNC TTOU AUTO TTAPAYEL. 2TNV TIPOKELUEVN TIEPIMTWON YLA
Vv afloAoynon xpnowdomowndnkav ot PeTplkéG MAPE, MAE ylwo tov é€Aeyxo Tou
opdApatog kat n R? yia Tov €AeyX0 TPOCAPHOYAC TwV HOVIEAwvV oto Sebopéva.
AKOAOUBEL TivaKag LE TO ATTOTEAECUATA TWV TTAPATIAVW UETPLKWYV Yl KOO mepimtwon
POPBAeP NG Kal KABe povtélo.

Ztov Mivakeg 11 kat 12 mapouctdlovial Ol PETPKEG odAAMATOG Kol 0 PBabuog
ONUAVTIKOTNTAG KABE XAPOKTNPLOTIKOU TWV HOVIEAWV MNXOAVIKAG MABNnoNng ywa tnv
npoPAsPn tou KukAodoplakoU Goptou. ITnNV CUVEXELX akoAouBouv ta Slaypappata
TIPOPBAETOUEVWV-TIPAYUATIKWY TLHWV (Aldypappa 7, Aldypappo 9) Kot n Katavour Tou
odpalpatog (Awaypappa 8, Aldypaupo 10) yia kaBe pwpath, MPpWIA HE TO HOVIEAO
Aévtpwv Ao aong Kal oTnv CUVEXELA e TO LovtéEAo GBDT.

Mivakag 11: AnoteAéopata mpoPAsng kukhodoplakol doptou pe Agvtpa Alodaong

NpoPBAeYn Kukhodoprlakol Aévtpa Anodaong
doptou

R? 0.79

MAE 95.88
MAPE 14.55%

BaOuoG ZnpavtikotnTag XapoKTnPLOTLKWVY

duration (minutes) 0.8056
min_max 0.0960
Weekday 0.0733
Rush_hour 0.0129
W+R2 0.0017
diff 0.0105
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Predicted MS407
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Atdypappa 8: ALAYpOpUO KATAVOUNG EVATIOMEVOVTOC OPAAUATOC TIHWY KUKAodopLlakoU
doptou (Dec.Trees)

44




Mivakag 12: AnoteAéopata mpoPAedng kukhodoplakol dpoptou pe GBDT

NpoPBAeYn KukAhodoprakol GBDT
®doptou
R? 0.78
MAE 95.88
MAPE 14.55%

BaOOG ZNUAVTLKOTNTOG XOUPOKTNPLOTIKWV

duration (minutes) 0.8092
min_max 0.0889
Weekday 0.0796

Rush_hour 0.0059
W+R2 0.0037
diff 0.0127

Actual vs. Predicted MS407 (GBDT)

Actual vs. Predicted MS423 (GBDT)
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@optou (GBDT)
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Distribution of Residuals (GBDT) Distribution of Residuals (GBDT)
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Awaypapupa 10: Alaypoupa KATOVOUNG EVOITOUEVOVTOC OPAALUATOC TIUWVY KUKAOQPOPLOKOU
optou (GBDT)

AkoAouBoUv ot MNivakeg 13 kat 14 pe ta anoteAéopata the mPoBAedng tou xpovou SLadpoung
UE Ta povteda Aévtpwy Antodaong kat GBDT. To Atdaypappo 11 kat to Atdypappa 12 amoteAovv
LLOL OTTELKOVLOT TWV QMOTEAECUATWY TWV TILVAKWY OTWCE KAL OTNV MEPLMTWGN TOU
KukAodoplakou pdptou.

Mivakag 13: AnoteAéopata mpoPAedng xpovou Stadpoung pe Aévtpa Anodaong

NpoBAedn Xpovou Aladpopng Aévrpa Anddaong
R? 0.82
MAE 0.69
MAPE 9.75%
BaOpog Znpavtikotntog XapoKTnpLoTLKWY
MS423 0.1021
MS407 0.6768
Weekday 0.1299
W+R2 0.0912
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Actual vs Predicted Travel Time (Dec.Trees)
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Mivakag 14: AnoteAéopoata mpoPAedng xpdvou Stadpoung ue GBDT

NpoBAePn Xpovou Aladpouri GBDT
R? 0.76
MAE 0.69
MAPE 9.75%
BaOpHOG ZNUAVTIKOTNTOG XAPOKTNPLOTIKWY
MS423 0.0942
MS407 0.6865
Weekday 0.1018
W+R2 0.1175
Actual vs Predicted Travel Time (GBDT)
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ITNV CUVEXELA PE TNV 8La BAon dedSouévwy TipaypatonolBnke n mpdyvwaon Twy TLLWY
XPOvou SLadpoung oto (610 08IKO TUNUA e Xpron TN ouvaptnong BPR. O padnuatikog
TUTOG TNG ouvdptnong (1) mapouaoldotnke o€ mponyoLeva KepaAala tng
SumAwpatikig epyaoiag.

Mo tnv Xprion tng anattionke o KaBoploPOS TWV TLUWV TwV OpWV TNG CUVAPTNONG. ATO
™ Baon dedopévwy ntav Stabéatpol ol poptoL oxNUATWVY Twv SUo dwpatwv KABwG Kat
ol avtiotolyol xpovol Stadpoung oto idlo xpoviko diaotnua. Kabwe n cuvaptnon BPR
ovadEpeTal o 06LKO TUAUA, XPNOLUOTONONKE 0 HECOG OpOC TwV KUKAOGOPLAKWVY
dopTwV TV dwpatwyv mou Bpiokovtat oTnv apxn Kot oto tEAog tng A. AAe€avdpac.

Mivakag 15: Baon dedopévwy péocou kukAodpoplakol Goptou

datetime_utc duration(minutes) mMs407 MsS423 avg_traffic
12/1/2022 2:00 4 193 146 169.5
12/1/2022 3:00 4 126 97 111.5
12/1/2022 4:00 4 136 101 118.5
12/1/2022 5:00 4 280 248 264
12/1/2022 6:00 4 657 735 696
12/1/2022 7:00 5 1012 1216 1114
12/1/2022 8:00 6 1099 1289 1194
12/1/2022 9:00 7 1028 1122 1075
12/1/2022 10:00 8 985 1316 1150.5
12/1/2022 11:00 8 1009 1145 1077
3/26/2023 12:00 6 925 966 945.5
3/26/2023 13:00 6 994 1051 1022.5
3/26/2023 14:00 7 1010 1128 1069
3/26/2023 15:00 6 900 1051 975.5
3/26/2023 16:00 5 870 959 914.5
3/26/2023 17:00 5 910 982 946
3/26/2023 18:00 5 937 1160 1048.5
3/26/2023 19:00 6 939 1119 1029
3/26/2023 20:00 6 934 1113 1023.5
3/26/2023 21:00 6 881 994 937.5

Ooov adopd TI§ MApAUETPOUG o Kal B TG cuvaptnong, avadpEpOnke otn BBAloypadia n
Umap€n eVOEIKTIKWY TLUWV avaloya tov TUTo Tou odlkol TURpatog. Qotooo, yla TV
BéATiotn edappoyn TNG ouvaptnong oto umo e€€tacn o6WKO TURUA avamtuxonke
oAyoplBuog, o omoio¢ pe tNV HEBOSO €laxloTwV TETPAYWVWY TPAYUATOTOINCE TNV
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TIAPAUETPOTOLNCN TNG ouvaApTNOoNG. QG APXIKEC TIUEG TWV TAPAUETPWY o Kot B
EMAEXONKAV oL oLVNBELG TLUEG avegapTnTwC TUTIOU 0600 0.15 kat 4 avtiotolya.

ITNV CUVEXELD amaLtnBOnke n ektipnon tou xpovou dtadpoung oe eAelBepn pon (Tk) Kot
n xwpntkotnta (C) Tou ev Adyw 08koL TN patog. Q¢ xpovog dtadpoung eAeUBepnG pong
oplotnKe n €AAxLOTN TN XpOvou dadpoung mou napatnendnke ota dsdopéva (Tx = 4
Aemtad).

H Bewpntiki TN ™G KUKAODOPLOKAG LKOVOTNTAG TOU €V AOYW OOLKOU THUAMOTOG
unepPaivel TNV péylotn T KukAodoplakou doptou ou mapatnpeital ota dedopéva.
Ouwg otnv mpagn, ot pwrtelvol onNUATOSOTEG OV SLOKOTITOUV TNV Por) TNG KukAodoplag,
n umopén amokA£loTiknG Awpidac Aswdopeiwv oe ocuvbuaocpd He TNV otadueuon
oxnuatwyv otn 6£€d Awpida tng 060U emnpedlouv o€ CNUAVTIKO BaOUO TNV TPAYUATIKN
TN kavotntag ¢ odou. O akplBAG UTIOAOYLOMOE AUTAG TNG MeTaBAnTAG Sev eival
€PIKTOC povo pe ta Stabéoua dedopéva. lMvetal emiong n mapadoxn OTL yla KAToL
Xpovika Staotipata n ntnon emepvael TNV MPOAYHATIKI) KUKAODOPLOKH LKAVOTNTA TNG
o6ol (V/C >1). M tnv Xxpnon tng ouvaptnong OOKIUACTNKAV OPKETEC TLUEG
KUKAOGOPLAKNG LKAVOTNTAC METALU TNG HEONC KAl TNG HEYLOTNG TUAG dopTou (V) mou
napatnpnbnke otn Baon dedopévwy. Q¢ MPAYUATIKA TIUH KUKAODOPLAKAC LKAVOTNTAC
™ 080U emAéxBNKe n TLun Twv 1050 oxnUATWY, N omola AVILOTOLXEL, KATA LECO OpO, OF
xpovo Stadpoung 10 Aemtwv otn Baon dedopévwy (BA. Nivaka 9). Z& kaBe mepimtwon, n
akpLBNCG T tng dev pavnke va €xel WOlaltepn onUACia WG TPOG TA AMOTEAECHOTA
npoPAePng, kaBw¢ n Aoyikry Tou alyopiBuou BeAtiotonoinong eAaxioTwy TETPAYWVWY
elval va mapdyel to pikpotepo duvatd oddApa , aveEdptnTa av oL TIHEG TWV Opwv
Bplokovtal evtog «Aoywkwv» opiwv. Me KABe véa TLUR KUKAODOPLOKAG LKAVOTNTOG
oAyOpLOHOG £61ve SLOPOPETIKEG TLUEG OTLC TIAPAMETPOUC @, B KOL TO TEAIKO AMOTEAECUQ
TmapEReve to 6lo. H afla tng ektipnong plag 6co to Suvatov PEAALOTIKAG TLUAG
KUKAOOPLOKNG KAVOTNTOG, EYKELTAL  OTNV QAVEUPEON  KATAAANAWV TIHWV TWV
TIAPOUETPWY a KoL B yla tnv epappoyn tng cuvaptnong otnv A. AAe€avépag.

Metd tov KaBoplopo OAwV TwWV TAPATIAVW OpwWV TNG ocuvaptnong BPR, o alyoplBuog,
Xpnotpomnowwvtag tn pEBodo eAaxioTwy TETPOYWVWY, UTIOAOYLOE TNV TEAKN TLUN TWV
TIAPAUETPWY a Kol B, wote va glaylotonoleital to opdApa petafl mpoPAenouevwy
TLLWV TNEG OUVAPTNONG KAL TIPAYLATIKWY TLLWV Xpovou SLtadpoung.

MNa tnv afloAoynon tou adyopiBuou xpnotpomnotdnkav ot idLleg LETPIKEG OPAAUATOC Kall
npoocapuoyng ota dedopéva. AkohouBei o MNivakag 16 pe ta anoteAéopata.
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Mivakag 16: AnoteAéopata mpoPAsPng xpovou SLadpoung Ke tnv cuvaptnon BPR

NpoBAsYn Xpdvou Aladpoung BPR
R? 0.48
MAE 1.08
MAPE 16.78%
Tehwkég Tipueg Mapapétpwv
o 0.90
B 1.75

210 Aldypappo 15 mapouaotdletol n SLacTopd TWV MPOYHOTIKWY KoL TWV

TIPOPBAETOUEVWV TLHLWV XPOVOU SLadpoung Tou HOVTEAOU Tn¢ ouvaptnong BPR. Evw oto

Aldypappa 16 amelkovileTal N KATAVON TOU EVATTIOUEVOVTOG OPAALATOG.

Actual vs Predicted Travel Time (BPR)
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Stadpounc (BPR)
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Distribution of Residuals (BPR)
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Kedbahaio 5

Zuunepaopata Kal Npotaoelg

5.1 ZUvoyn AnoteAeopatwy

JUpdwva pe Mivoka 17 oupmepaivetal OTL T MOVIEAQ MNXOVIKAG MABnong
napouolalouv o€ OAEC TIG TIEPUTTWOELG LKAVOTIOLNTLKO LECO AMOAUTO TOcooTLa 0 opAApa
(MAPE). 2to mAaiolo tnG SUTAWUATLKAG gpyaciag, Bdoel Tou mMARBoug Twv Slabéoipwy
Sedopévwy ald kal mapopolwv edpappoywyv poBAedng tng BBAloypadiag, BewprOnke
HETO amoAuto mooooTiaio opaApa tng TaEng Tou 20% WG amodeKTO 0plo. To opaApa
poOPAeP NG Tou KukAodoplakoU OpTou £PTOOE OE LKAVOTIONTIKO ETIMESO POVO UETA
Vv opalomoinon tng PBdaong Sedopévwv Kal TNV adaipeon okpalwv THwv. To
XounAotepo odpalpa mapouctaletal otnv TMPOoPAsPn Tou xpovou OSLadpoung UE
HEBOBOUG UNXAVIKAG MAaBnong. Onwg avadépBnke Kal MPONYoOUHUEVWE, OE QUTO TO
oevaplo mpoPAedng n oxéon Twv HETABANTWY AmoTuUNWONKe €UKOAQ ATO TA HOVIEAQ
Xwplc TMOANEC Tpomomowoel otnv Pacn Sebopévwv Kot SOKIMEC XAPOKTNPLOTIKWY
(features). Akopa, Starotwvetat 6tt ot LPNAEG TLEéG Tou R? (> 0.60) o kABe oevdplo
npoPAePnG emBefalwvouy TNV XPNOLUOTNTA TWV HOVIEAWV UNXOAVIKAG MABNONG wg
epyaleia mpoBAsenc.

Mivakog 17: ZUYKEVIPWTLKOG TVOKAG ATOTEAECUATWVY

NpoBAeYn KukAhodoprako Ddptou MNpoBAeYn Xpovou Atadpopr
Movtélo A?tha GBDT Movtélo A?tha GBDT BPR
Anodaong Anodaong
R? 0.79 0.80 R? 0.82 0.76 0.48
MAE 95.88 95.88 MAE 0.69 0.69 1.08
MAPE 14.55% 14.55% MAPE 9.75% 9.75% 16.78%
BaBOpoG ZnpavikotnTag XapaKTnpLoTLKWVY BaOpog Znpaviikotntag XapoKTnpLoTLKWY
duration (min) 0.8056 0.8092 MS423 0.1021 0.0942
min_max 0.0960 0.0889 MS407 0.6768 0.6865
Weekday 0.0733 0.0796 Weekday 0.1299 0.1018
Rush hour 0.0129 0.0059 W+R2 0.0912 0.1175
W+R2 0.0017 0.0037
diff 0.0105 0.0127

Ta U0 pOVTEAD pNXavIKAG nanong dev ¢aivetal va epudavilouv dlaitepeg dtadopég
oTNV HeTaty toug anoddoan, Tooo otnv akpipeta mpoPAsPnGg 600 Kal OTNV TPOCOPUOYN
Touc ota dedopéva, avelaptntwg TG LeTaBANTAC MPOoBAednc. TEAOC, OTIWC AVAUEVOTAV
0 XPOvo¢ OLadpounG QMOTEAECE TO XOPAKINPELOTIKO HE TN UEYOAUTEPN EMLPPON OTO
amnotéAeopa TPoPAePng tou KukAodoplakol ¢doéptou. To avtiotpodo cuvéBn otnv
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neplntwon tou xpovou Sladpoung, omou ta Sedoupéva ¢optou tou dwpatr 407
QIMOTEAECQV TNV ONUOVTLKOTEPN KETABANTH.

H ouvdptnon BPR napouciaoe eniong amodekto HECo amoAuTo mMocooTiaio ohAApa Kot
™V MpOoPAeYPn tTou xpovou Sladpoung, opwg vPnAotepo oe oxéon He TG neBOSouUg
HUNXOWVLKAG HAONoNG. ATto TV TR TG HETPLKAG R? Slamotwvetal n ouvaptnon BPR Sev
elval avn va amotunwoel pe akpifela ta potifa mou napatnpouvtal ota dedopéva.
AUTO eTuBeBalwveTal KoL oo Ta OXETIKA Staypappata oPAALATOC TTIOU APOUCLACTNKAV
miponyoupévwe. ISlaitepa epdavng eivat n aduvauia tng cuvaptnong va npoBAEPeL Tov
XPOVO SLaSPOUNG OTLC LEYLOTEG TIUEC TNG Baong dedopévwy (9-12 Aemtad).

5.2 Bagika Zuunepaocpata
Metd kot tnv ovvoPn TwV OMOTEAECUATWV TNG Tapoucag SUTAWMOTIKAG £pyaciag
UopoUV va e€axBouv Ta MAPAKATW CUUMEPACHATA.

Ta mpOTUTIAL KNXAVIKAG HaBnong mou avamtuxbnkav mpooédepav uPnAnR KavoTnta
poPAeP NG Twv INToLHEVWV KUKAODOpLaKWV LETAPANTWY O KABE mepimtwon, mapad tTnv
amAotnta toug. H péBodog mpoPAedng péow NG ouvaptnong BPR amodeiytnke
urmode£€aotepn eMAOYN O€ OXEON UE TIG LEBOSoUC unxavikng mpoPAsdng 6oov adopad tnv
akpiBeta mpoPAePng aAAad koL TNV Mpocappoyn ota Sedopéva. Xwplg emapkn dedopéva
yla TOV UTTOAOYLOMO TNG KUKAODOPLAKAG Lkavotntag, n epapuoyr tng ocuvaptnong BPR
nmapouotalel SuokoAiec. Akopa kal pe tnv HEBoSo PeAtiotomoinong eAaxiotwv
TETPAYWVWY TIOU TIPOTABNKE oTNV Mapoloa SUTAWUATIKY £pyooia yla TNV mapakapyn
outoU Tou mpoBAnRpatoc, ot TPoPALPELC xpovou Sladpopng mapouaciacav HeEYaAUTEPO
odaApa og oxéon Ue TIg HEBOSOUG UNXAVIKAG Ladnonc.

Emopévwg kukAodoplaka dedopéva ta omoia culéyovtal Suokoldtepa Ba pmopolvoav
va EKTLUNBO0oUV pEow TTapopoLlwy HEBOSwWV. TNV MepimTwon TG SUTAWUATIKAG epyaciag,
TIHEG KUKAOdOpLaKoU POPTOU EVOC 06LKOU TUAUATOG TPOEKU P AV LOVO E yVWwon EUKOAQ
npoofactipwyv dedbopuévwy xpovou Sladpounc. Emiong, ta povtéda emedei€av udnAn
akpifela mpoPAedng twv Ppoptwv ota onpeia elcodou kat 660U Tou 08IKOU TUNUATOG
Tautoxpova, Xwplc va xpelootel va xpnotpomnotnBouv ta Sedopéva KATOoU Gwpatr we
XopaKTNPLoTIKO (feature) yia ta povtéAa. Mvetal Katavonto OTL amAd HOVTIEAQ, Alywv
HETAPBANTWY UTTOPOUV VO ATTOTEAEGOUV XPHOLUO EPYOAELD XWPLG AUTO va onUaivel OTL
aImoTEAOUV TNV BEATIOTN OTPATNYLKA yla KABe mpoBAnua mpoyvwong KUKAOPOopLOKWV
ouvonKwv.

Ooov adopa ™ dadikacia avamtuéng Twv LOVTEAWY UNXAVIKNC LABnong, n emAoyn Kot
Slapopdwon Twv KataAnAwv xapaktnplotikwy (feature selection & engineering) ntav
onuavtiky vy tnv eéaoddiion uvdnAng amoddoong. Tautoxpova, HECW TNG
ONUAVTIKOTNTAC TwV Yapaktnplotikwyv (feature importance) €ywe katavontd molol
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TIAPAYOVTEG EMNPEALOUV ONUOVTLKA TNV GUOXETLON TwV 800 KUKAODOPLKWV LETABANTWV.
Qoto00, €ylve QVTANTITO OTL BOOIKO TAPAYOVIA ylo TNV EMTUXiot TwV HOVTEAWV
HUNXOVLKAG LABnong amote)Ael n molotnta, to MARBo¢ kat n popdn Twv dedopévwy. Itnv
neptmtwon npoPAedng tou kukAodoplakol ¢optou, n Ukpr Sdtakluavon Twv TLHWY
Xpovou Sladpoung dnuloupynoe MPOBANUO OTNV TPOCOPHOYI TWV HOVTIEAWVY, TO Omolo
eMAUONKe pe t Sladikacia Tn¢ opalomoinong (normalization) kat tnv adaipeon
akpailwv TLHwv (outliers).

T€Aog, SlamoTwveTtal OTL N mIPoodog TNG TeXVoAoyiag £xel B€oel Ta amapaitnta BepéAla
yla TNV avamtuén tTwv eupuwv cuotnuatwy dlaxeiplong tng KukAodopilog ota aoTika
kévtpa. H mAnpodopia ou avtAeitat and Toug iSloug XproTeg evog 08koU SIKTUOU, OTwG
oTNV MEPLMTWON TNEG SUTAWUATIKAG EpyaAciag, CUUBAAAEL OTNV TPOYVWGTN KUKAODOPLOKWY
ouvOnKwv Kal TeAkd, tnv npoodopd kaAutepou emunédou e€umnpetnong. MNa to Adyo
OUTO TO aAmoTeAéopATA TNG TOPOUCAC SUTAWUATIKAG €pyaociag amoktolv olaitepn
onuaocia.

5.3 MNeploplopotl AutAwpatikig Epyaciag kat Npotadoeslg'Epeuvag
Me Bdon oAa ta mapandavw Ba pmopovoayv va eMLoNUAvOoUV oL TAPAKATW TEPLOPLOUOL
TWV ONMOTEAECUATWY KOl KATIOLEG TIPOTACELS YL EPEUVAL.

Aev gival yvwoTto av T HOVTIEAQ TIOU XpnoLlpomolOnkav otnv SUTAWUATIKY €pyaocia
Umopouv va enavoAafouv mapopota tkavotnta npoBAePng oe dAAa oSika Ttuipota. Me
epappoyn mopopolwv peBodoloylwv Kol HOVTEAWV ot SLadOoPeTIKA 08IKA TURpATA
unopet va e€akplBwOel auto. Eniong, n yewpEeTpla Kal oL XWPLKEC CUOXETIOELG LETOEL TWV
00lKWV TUNUATWY auédvouv tov Babud moAumhokotntag ocov adopd tnv MPoPAsdn
KukAodoplakwv cuvOnkwv oe emimedo Siktvou. Onw¢ avadépbnke kal oto otddlo
avaiuong tng BLBALoypadiag, oL MEPLOCOTEPEG EPEUVEC ETUKEVIPWVOVTAL OTO ALYOTEPO
ouvOeto MPOPANUa NG POPAednG KuKAodoplakwy LeyeBwv evog odikol TuRpatog. H
€udaon otn dnuloupyla HOVTEAWV LKOVWV VO KOTOVONOOUV TNV XWPELKH CUOXETLON
oSlkwv afovwyv, lowg emtpéPel akplBéotepeg mpoPAéPelg oe emimedo Siktvou.
Mapopola, to IRTnUa ¢ mpoBAedng kKukAodpoplokwv cuvOnkwv SleupUVeTaL PE TNV
npoodnkn Kat AAAwv petaBAntwv. Kapkd dedopéva, oTATIOTIKA OTOLXElO ATUXNUATWY,
n onuovon tng 06ou petafl aAAwv, Ba pmopouoav va eloaxbolv o LOVIEA UNXOVLIKNG
HABnong Kal va cuvéuaoTOUV HE TLG YVWOTEC KUKAODPOPLAKES TIAPAUETPOUG.

Ta povtéla mou avamntuxbnkav otnv mapoloa SUTAWUATIKNA gpyacia Ba pmopovuoav va
BeATlwBOUV WC TPOC TIC MAPAKATW KATEUOUVOELS: edappoyr) O TEPLOCOTEPA OOLKA
TuAuata, aflomoinon HeyaAUTEPOU OYKOU KOl TEPLOCOTEPWVY edwv Sedopévwy,
Slapopodwon meplocdTEpWY cuvOUACUWY XapaktnploTtikwy (features), melpapatiopog
HE GAANQ LOVTEAQ INXOVIKN G LABNONC Kl GUYKPLOT) TOUC, CUVOUAOUOG LE LOVTEAD BaOLAC
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HUNXAVIKAG nabnong (deep learning) pe okomoé tnv moapaywyr evog uBpLdikol LovTéAou.
Kata tnv idla Aoyikr, €va yevikd mAaiolo peBodwv mapapeTponoinong Kal auotnpou
TPOOSLOPLOUOU TWV OpWV KoL TwV tapadoxwV TwV cuvapTHoewV ¢OpTou-KaBUoTEPNONG
Ba al€ave oNUAVTLKA TNV XPNOLULOTNTA TOUG WG EPpYaAEia avaAuong tng KukAodoplag.

Me tnv paydaia avamntuén tng texvoloylag, eival mpodaveg OTL n eKUETAAAEUGON TNG OAO
Kal auEavopevng mAnpodoplag Kat n avamtuén Kovotopwyv edapuoywv KUKAOPOopPLOKNG
TEXVIKNG Ba TIpEMEL va PPLOKETAL OTO ETUKEVTPO TNG €peuvag Kal tng Slaxeiplong twv
HETAPOPLKWY CUCTNUATWV.
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